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DEVELOPMENT OF SPORELINGS IN THE LEJEUNEACEAE* 


MarGaret FULFORD 


The observation of the sporeling stages of plants has long been of interest 
not only because of the information concerning the differentiation and spe- 
cialization of the tissues involved, but also because of the phylogenetic im- 
plications which might be derived from these patterns of development. The 
literature devoted to this sort of observation in higher plants is rather large 
and well known and no attempt will be made to review it at this time. 

The Bryophyta, particularly the leafy Hepaticae, afford an especially 
stimulating field for studies of this nature. In the first place, our information 
regarding the ancestral forms of this geologically ancient group of plants is 
very fragmentary, and these developmental stories give promise of indi- 
eating relationships between the modern groups. In the second place, the 
various tissues of the leafy liverworts are relatively less complex and the 
mass of cells involved much smaller, so that the various steps in the develop- 
mental story can be studied more clearly—often without making sections. 
Unfortunately, too little attention has been given to studies of this sort, for 
at the present time our information concerning the sporeling among the leafy 
liverworts is very meager.’ 

In working over collections from Central America, sporelings were found 
in several genera of the Lejeuneaceae. They appear to be of special signifi- 
eance, first, because no examples of sporelings with leaves have previously 
been reported for this largest and most elaborate family of the leafy liver- 
worts, and secondly, because the basic pattern of development is not uniform 
throughout the group. The several patterns are described below. 


1. LOPHOLEJEUNEA SAGRAEANA. The plants of this species form brown- 
ish or blackish green mats on trees and wood. The stems may reach 2 em. in 
length, the leaves are ovate and rounded-entire, to 0.75 mm. long and 0.55 
mm. wide, with the lobule rather small, but conspicuous and strongly in- 
flated. The underleaves are reniform and undivided.’ The sporelings* were 
mostly 0.2 mm. long. The four or five distinct leaves were deeply pigmented 
with brown, as are those of the parent plants. They were identified as spore- 


* This work was done during a study of tropical American Hepaticae made possible 
through a John Simon Guggenheim Memorial Fellowship 1941-1942. 

1 For a summary see G. Chalaud in Verdoorn, Manual of Bryology, chapt. 4. 1932. 

2 See Evans, A. W. Bull. Torrey Club 34: pl. 3, no. 10-20. 1907, for figure. 

3 Sporelings were found both in the material collected by Steere and Lundell, no. 
2060 (Univ. Michigan) in Petén, Guatemala, and by Dodge, Steyermark & Allen no. 
16946 (Missouri Bot. Garden), in Panama. Ali of them were in approximately the same 
stage of development. 
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lings rather than developing gemmae because of the presence of the granular co 
exospore which was still conspicuous over the basal part, a feature which la 


according to Goebel‘ is characteristic of sporelings but is absent in gemmae. 


No filamentous protonemal stage is formed. Mature spores have not been th 
described for the genus, nor were they found in the material, so that we do di 
not know whether germination begins while they are yet in the sporangium is 
or after they are shed. An early stage in germination showed the presence of n 
two walls more or less at right angles to one another within the exospore (fig. 

1, A—C). Divisions within some spores ceased at this point but in others it t 
continued until a somewhat larger, often bulging mass of cells—perhaps f 


ten—was formed (fig. 1, D-E). A rhizoid is often produced from the basal 
eell (fig. 1, A-C). The growth of the leafy plant is initiated by the activities 
of the other three cells (or the cells at one end if there are more than four), 
which probably immediately form an apical cell with three cutting faces. 
Remnants of the exospore were never observed on the cells of the new leafy 
plant, which indicates that it breaks through the spore coat, or that the 
exospore is stretched so thin that it can no longer be observed. 

The first leaves, the primary leaves, are very small, ovate and plane, each 
one increasingly larger than the preceding (fig. 1, B—D). In most of the 
sporelings examined three such leaves were found, but occasionally there were 
more. Usually the fourth leaf formed is many times larger than these, is 
saceate and bilobed, with the lobule nearly as large as the leaf (fig. 1, C and 
D). This saceate leaf is the characteristic juvenile leaf of the Lejeuneaceae 
and is to be found also in Frullania and Porella* and no doubt in certain 
other of the leafy liverworts. This saceate leaf is the earliest indication of 
the formation of the watersae so characteristic of the mature leaves (com- 
pare fig. 1, C and D, with 1, F). 

Concurrent with the formation of this juvenile leaf the first recognizable 
underleaf is developed (2 in fig. 1, C). This juvenile underleaf is narrowly 
lanceolate, while that of the mature plant is reniform. 

The stem continues to form leaves and underleaves of the juvenile type 
for some time. Unfortunately, none of the plants was sufficiently large to 
show the transition from the juvenile to the mature condition, but this change 
is no doubt a gradual one with the lobe becoming larger in each successive 
leaf formed, since occasionally on depauperate stems or branches of mature 
plants some of the leaves may be much reduced (juvenile), nearly as smail 
and of a similar outline, and here the transition to the mature condition is 
gradual. 


- 


This type of sporeling has not previously been observed in any of the 
Lejeuneaceae. The initial stages in the development of the spore, that is, the 
formation of several cells within the expanding exospore, is similar to the 





4 Goebel, K. Organographie der Pflanzen 2: 906-907. ed. 3. 1930. 
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condition described by Goebel‘ for Pellia, Porella, Frullania, and Lepido- 
laena (Polyotus). The young leafy stems are almost identical with those of 
Frullania dilatata in habit, as well as in the character of the primary leaves, 
the underleaf, and the juvenile leaf which Goebel described and figured. It 
differs in that in F. dilatata the number of cells formed within the exospore 
is at least eight, usually many more, while in Lopholejeunea Sagraeana the 
number is very often four and never more than eight or ten. 

The sporelings described by the earlier writers as indicative of the sort 
to be expected throughout the Lejeuneaceae are not of the type just described 
for Lopholejeunea, but to some extent do agree with the form described next. 


2a. STICTOLEJEUNEA KUNZEANA (?). Mature stems of this species may 
reach 5 em. in length, are green tinged with brown, and are usually copiously 
pinnately branched. The rounded-ovate leaves average 1.4 mm. long and 0.85 
mm. wide, the small watersae is narrowly cylindrical in form, and the under- 
leaves are broadly orbicular and undivided. Specialized cells, the ocelli, are 
scattered throughout the leaf, underleaf, and perianth, and are diagnostic 
for the genus. The sporelings® were abundant among the leaves of the parent 
material and on Plagiochila growing intermingled with it. There were sev- 
enty-five or more, all of them approximately the same age and probably from 
the same sporangium. Unfortunately the mature spores could not be found, 
nor have they been described previously. 

There is formed on germination a flat, linear protonema, one layer of 
cells thick, two cells broad and usually four cells long. This eight-celled body 
is 65-80 » in length and may have been formed by an apical cell with two 
cutting faces (fig. 2, A-G). Sometimes there are irregularities in the develop- 
mental pattern, such as the occurrence of one broad basal cell instead of the 
usual two (fig. 2, A), or a failure of one or two cells of the pairs to develop so 
that an irregular filament is formed (fig. 2, C and F), or oceasionally the 
formation of additional cells so that the filament is more than two cells wide 
in places (fig. 2, G). The development of this eight-celled filament usually 
takes place within the granular exospore wall, which becomes stretched to 
many times its original size. The markings are present to a greater or lesser 
degree on all of the protonemata. However, there were a number of examples 
in which much of this wall had been shed and remained at the base of the 
filament (fig. 2, A and B). The markings were present even on these. 

Growth of this linear body ceases when the eight-celled stage is reached 
and growth of the leafy shoot at right angles to the protonema is initiated 
through the activities of a new apical cell. It develops either at the tip of the 


5 The mature plants belong to that complex of forms more or less intermediate in 
character between typical S. squamata and S. Kunzeana, which is so often to be met with 
in Central America. The collection was made by Dodge & Goerger, No. 9905, in Costa Rica 
and is in the Missouri Botanical Garden. 
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Fig. 1. Lopholejeunea Sagraeana. 


1A. Early stage of spore germination showing the 
divisions within the spore, the first leaf, and a portion of the stem. x 300, 1B. A spore- 
ling with three primary leaves and a juvenile leaf; dorsal view. x 300. 1C. The same, 
showing the first underleaf (X) and the sac-like juvenile leaf in more detail; ventral 
view. x 300. 1D. Another sporeling; dorsal view. x 300. 
cells have been formed within the exospore. x 300. 
Fig. 2. Stictolejeunea Kunzeana (?). 
spore. x 300. 


1E. A sporeling in which many 
1F. A mature leaf; ventral view. x 30. 
2A, B. Young protonemata with the discarded exo- 
2C. An irregularly formed protonema; x 300. 2 D-F. Typical eight-celled 
protonemata showing the first cells of the leafy stem. x 300. 2 F-G. Sporelings with 
protonemata and the three primary leaves. x 300. 2 H. A sporeling with remnants of the 
protonema, two primary leaves, and two sac-like juvenile leaves; ventral view. x 300. 
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protonema (fig. 2, B-D, H), or on either side between the third and fourth 
cells (fig. 2, E-G), and we may assume that if not at the beginning, at least 
very soon it has three cutting faces. The first, second and third leaves are 
small, each progressively larger than the preceding, and plane (fig. 2, F-G), 
and in no way indicative of the mature leaf (fig. 2, 1). These are the primary 
leaves. One or more ocelli, so characteristic of the mature leaves and under- 
leaves, are produced in the largest of these leaves (fig. 2, G). Very often at 
about this stage a rhizoid can be observed at the base of the leafy shoot. The 
fourth leaf formed is of a different sort and is a juvenile leaf typical for 
Lejeuneaceae. It is much larger than the preceding primary leaves and is 
definitely saccate, with the lobule nearly as large as the lobe. A sporeling 
with two such leaves is shown in figure 2 H. It is at about this stage of devel- 
opment that recognizable underleaves should also become noticeable but only 
one plant had reached this stage of development and the underleaf was not 
evident. Unfortunately none of the plants was large enough to show further 
stages in development. 

2b. A sporeling with a somewhat similar yet more elaborate protonemal 
phase was found among plants of Archilejeunea porelloides collected by 
Spruce in the Amazon Valley. It is not a sporeling of that genus. It seems 
to be of the same type which Goebel® has figured for an unknown South 
American species of the Lejeuneaceae. His plants had not yet developed the 
leafy stem. An eight-celled linear protonema identical with that described 
above for Stictolejeunea developes from or in, the spore, for the granular 
exospore markings are plainly visible. In addition there is a much larger 
plate of cells nearly twice as long as the basal portion and four cells wide, 
developed at the end. The leafy stem arises at the end of this body (fig. 3). 
The development of this leafy stem is also similar to that described above. 
The apical cell with three cutting faces cuts off two or three leaves of the 
primary type and after that a juvenile leaf of the Lejeuneaceae type. The 
next leaf on our specimen was a primary leaf. 

2c. Goebel’ has also described and figured the developmental stages of 
the sporeling of LEJEUNEA CAVIFOLIA (a genus belonging to the Schizostipae, 
the section with divided underleaves). The mature thallus of this species is 
somewhat similar to that described for Stictolejeunea. Its development from 
the spore comes about in either of two ways. The spore elongates and divides 
and redivides, thus forming a four-celled germ tube, in the terminal cell of 


6 Goebel, K. op. cit. 907. fig. 972. 
7 Goebel, K. loc. cit.; and Flora 72: pl. 1, fig. 18. 1889. 





2T. A mature leaf. x 30. Fie. 3. A sporeling of an undetermined South American species 
of Lejeuneaceae, showing the eight-celled filamentous stage similar to that of Stictole- 
jeunea, the longer and broader filament developed from it, and the young leafy stem. 
<300. Fie. 4. A protonema of Lejeunea cavifolia, the leafy stem beginning to develop. 
(Fig. 4 after Goebel.) 
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which an apical cell with two cutting faces developes. This apical cell gives 
rise to the linear protonema two or three cells broad. Or, after the elongation 
of the spore and one division, the apical cell which is to form the protonema 
developes in one of the cells, while the other cell divides longitudinally. This 
type of protonema, which is also characterized by granular markings (fig. 3), 
differs from that of Stictolejeunea in that it is made up of more cells and 
is less regular in plan (compare fig. 2, A—C, with fig. 4). Goebel concluded 
from his observations of this small linear protonema of L. cavifolia and the 
larger one of the undetermined South American Lejeuneaceae genus, that 
this general thalloid type was characteristic of all the Lejeuneaceae, an as- 
sumption which is incorrect in view of the pattern of development of the 
sporeling of Lopholejeunea Sagraeana. It is of interest to note that the spore- 
lings of Radula also have a filamentous protonema. 


The discovery of several patterns of development among the sporelings 
of the various genera of the Lejeuneaceae gives rise to several questions of 
interest from the morphological as well as phylogenetic point of view. 

In the first place, should one call the massive many-celled structure which 
developes within the exospore wall in Pellia, Porella, Lepidolaena, Frullania, 
and Lopholejeunea a protonema? If so, is the flat, linear structure, which 
also has evidence of exospore on the cells, produced by the spore of Stictole- 
jeunea and others, a protonema, and is it analogous or homologous with the 
initial stages in Lopholejeunea? Or are there two patterns of spore develop- 
ment, one without and the other with a protonema? In comparing figures 2, 
D-H, with figure 3, should all of the thallus body of figure 3 be considered 
the protonema, since in this example an additional thallus structure occurs 
between the basal eight-celled thallus with exospore markings similar to that 
of Stictolejeunea and the leafy shoot ? 

In the second place, are developmental patterns of sporelings of value 
in establishing ancient or recent relationships ? 

Since we have so little information concerning the development of the 
sporelings in the Lejeuneaceae or, for that matter, in most of the families 
of leafy liverworts, discussions of relationships must be postponed. It would 
seem however, that such patterns of development, when assembled from a 
large number of genera, together with other pertinent facts, should con- 
tribute significant data. 

For the present we must limit ourselves to the conclusion that there are 
two, perhaps more, distinct patterns of spore germination within the family 
(even in one section, the Holostipae, with entire underleaves). One type, not 
previously reported in this family, occurs in Lopholejeunea, and has also 
been described for Frullania and certain other genera, and could well be 
designated the Frullania type. The other one, in which a flat, one-layered 
filament or thallus is produced includes several variations: 
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es 2a. the Stictolejeunea type, in which a small, regular, eight-celled 
m linear filament four cells long and two cells wide, precedes the formation 
- of the leafy shoot; 

8 2b. another type, which must remain unnamed for the present, in 
, which the Stictolejeunea type of protonema of eight cells gives rise to 
d a broader and longer secondary thallus at the tip of which the leafy shoot 
1 is formed ; 

e 2c. and the Lejeunea type, in which a small, irregular, linear pro- 


tonema one cell thick, two and three cells broad, and more than four cells 
long precedes the formation of the leafy shoot. 


“= 


In the progressive development of the leafy stem three distinct phases are 
evident. In the earliest of these, few-celled, ovate, and plane primary leaves 
not accompanied by underleaves are formed. These are followed by larger, 
characteristically saccate, juvenile leaves in which the lobule and lobes are 
approximately the same size, and are typically associated with small, lanceo- 
late underleaves. These are soon followed by small leaves and underleaves 
of the adult pattern which, in the succeeding series formed, are increasingly 
larger until the mature size is reached. 

I wish to express my appreciation to Dr. A. W. Evans for his assistance 
in the interpretation of the material and for his helpful criticism; and to 
the Botany Department of Yale University where working facilities were 
provided. 

UNIVERSITY OF CINCINNATI 
CINCINNATI, OHIO 
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SYMMETRY STUDIES IN SAGINA 
V. EvGene Vivian! 


Numerical variation in flower parts has been studied in a relatively small 
number of plant genera. The present work was undertaken to investigate 
certain tendencies of variation and reduction found in the family Caryo- 
phyllaceae. The genus best known from this standpoint is Stellaria, in which 
many trends have been shown. 

Sagina was chosen because one species, S. procumbens L. possesses flowers 
characteristically in fours, although the other members of the genus nor- 
mally have the parts in fives. Data on the number of flower parts, inflo- 


rescence, and on the habits of growth of S. procumbens have been assembled 
in the present investigation. 


REVIEW OF LITERATURE 

The genus Sagina (L.) was established by Linnaeus, containing S. pro- 
cumbens. It has been confused from time to time with Spergula and Arenaria. 
Both Spergula and Arenaria normally have a full complement of petals, 
while Sagina has always been conspicuous for the absence of some or all of 
the petals. 

Eichler (1878), Pax (1889), and Warming (1904) discuss the stem 
and inflorescence in their treatment of the Caryophyllaceae. Wydler (1847, 
1851) and Wichura (1844, 1846) engaged in a lively controversy over the 
branching and phyllotaxy of the group, and established many facts con- 
cerning family characters. Schoute (1932a, 1932b, 1936, 1938) has discussed 
the deeussation and whorl formation in the group in his treatment of the 
nature and development of opposite and whorled phyllotaxy. He looks upon 
whorl formation as a process occurring some time during the growth period, 
usually in the early stages. That opposite arrangement was of secondary 
origin was recognized by Church (1904) and Celakovsky (1875, 1902), 
though the contrary has been also maintained (see Sprague, 1925). 

The principles of phyllotaxy have remained unchanged for almost a 
century, and no theory of its intrinsic nature has met with any complete 
acceptance. The Fibonacci series of Schimper and Braun has not proven in- 
elusive of all phyllotactical patterns known and was attacked by Church 
(1904), who pointed out its inaccuracy in shoot apices where the divergence 
is commonly 180 degrees. Davies (1939), however, submitted data on Ailan- 
thus to show that the ideal ~ divergence of 137.30’ degrees is closely approx- 


1 The publication of the illustrations is assisted by a contribution from the author. 
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imated when the shoot is developed, although the divergence is } in the bud 
region. 

Although no special literature has been found dealing with Sagina, the 
genus, according to information in current manuals, has been conspicuous 
for variation in the number of petals. Since all other species possess flower 
parts in fives, and S. procumbens has flower parts in fours, some variation in 
the other whorls might well be expected. : 

Schoute (1932a) discusses some of the reasons advanced by authors to 
account for floral variation, and concludes in favor of the general theory 
of Eichler (1875) called ‘‘originaire Variabilitat’’ to account for variation 
in plant families and plants with higher floral numbers. That vigorous plants 
and first-formed flowers tend toward variation may also be explained by 
this theory. 

Schoute also points out that Eichler’s theory affords a plausible expla- 
nation of the foregoing facts, and criticizes the theory of ‘‘dédoublement”’ 
(Celakovsky ), and other theories of abortion, fission and fusion. 

Matzke (1930a) investigated the variation of stamens of a single pure 
variety of Stellaria media, and confirmed the rule that age affects the num- 
ber of flower parts produced. The same author (1930b) found the floral 
numbers to be lower in variegated plants. By cutting off the flowers after 
anthesis, he found an increase in the number of stamens produced by sub- 
sequent flowers. 

In another paper, Matzke (1932) figured floral diagrams of 4652 flowers 
of Stellaria media neglecta var. typica. He found that stamens were lost at 
definite floral positions, and that symmerical patterns were more common. 
Reduction of flower parts in certain positions definitely limited the appear- 
ance of symmetrical patterns. 

The plants of Sagina have been characterized as low matted herbs with 
decussate leaves and glabrous stems and leaves. The inflorescence is cymose 
or a reduced stage of that type. Graebner (1919) speaks of the inflorescence 
as composed of ‘‘armbliithige Trugdolden.’’ The presence of terminal 
flowers in the genus is indicated by most authors: Eichler, Pax, Warming, 
Britton and Brown (1913), Robinson, and Fernald (1908), and Graebner. 
Eichler’s figure labeled ‘‘Terminalbliithe’’ is adopted by Pax (1889) in his 
treatment of the Caryophyllaceae in Engler and Prantl’s Die natiirlichen 
Pflanzenfamilien, and by Warming. Rydberg (1932) describes the genus in 
North America as having axillary flowers only. 

The floral formula given by Eichler is K4, C4, A4 or 8, and G4 for 8. 
procumbens. In his figure, Eichler shows 8 stamens for 8S. procumbens. Pax 
includes a top view of a flower from Baillon’s work, which shows 8 stamens 
in obdiplostemonous arrangement. The American manuals concur in assign- 
ing 4 stamens to S. procumbens, and Hegi (1906) mentions 4 stamens for 
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In most of these manuals, 8S. procumbens is described as a species with- 
out varieties, but Graebner recognizes 21 varieties and subvarieties plus 
one definite hybrid. The plants used in this investigation are S. procumbens 
glaberrima praecoxr of Graebner. 
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from it. Figs, 3, 4. Branches of Sagina procumbens showing bud spirals and flower posi- 


tions discussed in the text. Fies, 5, 6. Phyllotactical diagrams of figures 3 and 4 re- 
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THE STEM AND INFLORESCENCE 

The method of branching was observed throughout the investigation. 
Difficulty was experienced in studying the production of branches from 
the basal rosette. The cotyledonary node is quickly drawn to the surface 
of the soil, and, as more leaves are produced on the axis, the first leaves, 
being close to the substratum, decay rapidly. The decussate arrangement . 
present in the young seedlings soon gives way to the rosette appearance, t 
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Fies. 1, 2. A typical eymose inflorescence and the uniparous scorpioid cyme derived 





69 





- 


1942 | VIVIAN: SYMMETRY IN SAGINA 637 


so that the true arrangement is obscured. Germination of seeds of other 
species of Sagina from New York Botanical Garden herbarium sheets was 
attempted. A few seeds of S. occidentalis 8. Wats. germinated. In these the 
primary axis appeared to branch in the same fashion as did the branches 
of S. procumbens. 

Contrary to the habit of most Caryophyllaceae and some of the species 
of Sagina, the vegetative buds in the leaf axils were present in only one leaf 
axil of each pair of leaves (figs. 3, 4). These buds formed a spiral which 
ascended the stem in typical manner. Of 347 branches studied, 150 were 
left-hand spirals and 176 spiraled to the right, while 21 could not be deter- 
mined. These nearly equal totals are in essential agreement with results 
recorded by Matzke in Stellaria. Of more than 100 primary axes studied, 
most could not be determined, but 21 seemed to be in a right-hand spiral, 
and 9 in a left-hand spiral. Buds were seldom found in the first and second 
whorls, but usually were present at the higher nodes. Sometimes these lower 
nodes developed buds at a later date. 

The most interesting exception to the perfect continuance of the genetic 
spiral of buds was the position of the seemingly axially-placed flowers (fig. 4). 
Here the spiral seems to be reversed in direction for one node, and then 
to continue in the original direction. The same characteristic appeared 
whenever flower buds were produced, no matter how many were produced 
on one axis. Only two of the stems studied did not show this feature. 
Figure 3 shows a branch with a single spiral of buds, while figure 4 is a 
branch whose bud spiral is seemingly interrupted by two flower buds. Figure 
5 is a phyllotactical diagram of figure 3, while figure 6 is a phyllotactical 
diagram of figure 4. The crosses mark the position of flower buds. Here the 
reversion of the spiral can easily be traced. 

This character obviously seems to be a function of the inflorescence. 
Since Warming describes the inflorescence of the Caryophyllaceae as a 
dichasium passing into a uniparous scorpioid cyme, it is well to interpret 
these observations in the light of that statement. All that needs to be shown 
is that this inflorescence is a reduced form of the dichasial inflorescence 
type. Figure 1 is a diagram of a dichasium with the uniparous scorpioid 
eyme derived from it in figure 2. The small crosses in the leaf axils show 
the positions of missing branches. It is quite easy to see that the inflores- 
cence of figure 4 fits into the pattern of figure 2 on a somewhat more re- 
duced scale. Since every flower in figure 2 is a terminal flower, we must also 
consider those in figure 4 as terminal flowers. Then the main axis in figure 
4 must end in the flower at node 6, and the portion which grows further 
up is a branch from the axil of the right-hand leaf of node 6. The same 
reasoning would apply to the flower at node 8. In this way the difficulty 
about the spirals becomes obviated, and the flowers may be interpreted as 
termina! members of a reduced dichasium., 
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To check this supposition further, several hundred herbarium specimens 
of many species of Sagina were studied. Nearly 100 specimens of 8S. pro- 
cumbens from America and Europe failed to reveal any inflorescence type 
different from that already described. Other species yielded similar results. 
Among these were S. apetala, crassicaulis, elliotii, nivalis, decumbens, de- 
cumbens var. Smithui, ciliata, glabra, maritima, occidentalis, Linnaei, and 
subulata. S. nodosa appeared to have mostly axial flowers, but some speci- 
mens, especially f. lara, in which stems and flower peduncles were long, 
showed typical cymose inflorescences. This species, S. nodosa, differs from 
the others by producing petals twice as long as the sepals, and in having 
shoot buds in the axils of both leaves at each node. This last fact coincides 
very well with the presence of dichasia in this species. The specific name is 
derived from the nodular appearance of the shoot buds in the axils of each 
leaf pair. 

THE FLOWER 


A study was made of the floral organs and their positions, so that general 
symmetry patterns might be observed. Figures 9-72 show the different 
patterns found, and the frequencies of each. Those patterns which were 
mirror images along the vertical axis were kept together and counted as the 
same, but those images which mirrored along the horizontal axis were kept 
separate (e.g., figures 33, 34). (The vertical axis is a line running from posi- 
tion 1 to position 5 in figures 7 and 8; the horizontal axis is a line running 
from position 3 to position 7 in figures 7 and 8.) 

The typical flower of the species is figure 27, which has parts in fours 
with two outer and two inner sepals easily distinguished. Of 325 flowers 
recorded, only one had five sepals (fig. 72), and only one had three sepals 
(fig. 71). The sepal number appears to be fairly constant. A consistent rela- 
tion was found between the main axis and the sepals of the axially-appearing 
flowers, since one of the inner sepals was observed always adjacent to the 
main axis. With this in mind, an orientation diagram was constructed in 
order to fix floral positions. Beginning with the axis and numbering counter- 





Explanation of figures 7-30 


Floral diagrams of Sagina procumbens. Figures 7 and 8 are orientation diagrams 
showing subtending leaves, the axis, and with possible floral positions numbered. The 
frequency of occurrence of each flower type is given in parenthesis with each diagram. 
Diagrams are arranged in decreasing order of stamen and petal number. 


Number Number 

of petals of stamens 
5 Figs. 9,12, 25,2 7 Figs. 9-11 
4 10, 13, 15, 16, 27, 28 Br cass 12-14 
3 11, 14, 17, 18, 29, 30 _ Bee 15-24 
2 19 ee a 25-30 
1 20-23 


0 24 
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clockwise, the eight possible floral positions were numbered (fig. 7). Since 
there is no spiral imbrication of the sepals, the direction of the numbering is 
purely arbitrary. Figure 8 is included as the clockwise numbering of the 
diagram, although results in table 1 are based on figure 7 as a reference. The 
diagrams differ from that of Eichler in that four stamens were found to be 
typical, rather than eight, and in that the innermost bracts are on the verti- 
eal axis rather than the horizontal axis. Figures 7 and 8 show the main axis 
and the leaves subtending the flower; only the axis is represented in the 
other figures. Flowers shown in figures 66—70 seemed terminal and so there 
is no axis shown, but the leaves subtending them are included. 

Results in table 1 in the petal section show that considerable numbers of 
petals disappeared from all of the normal petal positions as seen in figure 27. 
It can be seen from the data here presented that the possession or loss of 
petals was by no means confined to any one position. Flowers were found 
with any or all of the petals missing. The range was zero to five petals (figs. 
9, 10, 11, 19, 20, 48). It is possible that because of the small size of the petals, 
their positions are not strongly affected by spatial relations, nutrition, or 
balance. Loss of petals may therefore be explained on the basis of Eichler’s 
‘‘originire Variabilitit.’’ 

Since positions 1, 3, 5, and 7 are not normal petal positions as shown in 
figure 27, they are listed in the places where petals might be added (table 1). 
Since five petals was the highest number found, not more than one petal 
was ever added to a single flower. Since there were only seven flowers with 
five petals, no position could be designated as that to which petals are con- 
spicuously added (figs. 9, 12, 25, 26). Six of these flowers were of larger size 
than usual, and were produced on fewer-flowered plants. Such flowers might 
have more ‘‘available space’’ and thus might more conceivably produce 
higher petal numbers. 

The number of stamens was also found to have considerable variation but 
along regular tendencies. Staminal numbers ranged from seven to zero 
(table 1). It is clearly indicated that only flowers with three or four stamens 
were frequent in appearance, since flowers with other staminal numbers 
formed only 7.7 per cent of the total. That the stamens are usually lost from 
a definite position in the flower is shown by table 1 (stamen section). Of all 
the stamens missing, 88.7 per cent were dropped from position 1. Of 131 


Explanation of figures 31-54 
Floral diagrams of Sagina procumbens. 


Number Number 

of petals of stamens 
4 Figs. 38, 39, 50, 51 4 Figs. 31-37 
3 40, 41, 52 3 38-49 
2 31-35, 42-45, 53 2 50-54 
] 36, 37, 46, 47, 54 


0 48, 49 
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three-stamened flowers, 127 lost their stamen from position 1 (96.9 per cent). 
As can be seen, this is a position opposite one of the inner sepals. The re- 
maining three-stamened flowers except that shown in figure 65 lost a stamen 
from position 5, which is also opposite one of the inner sepals. Since there is 
obviously less space on these radii, and probably in position 1 which is 
crowded against the axis, there appears to be good correlation with Hof- 
meister’s theory of available space. 


TABLE 1. Frequency of flower parts in 8. procumbens with reference to the posi- 
tions of the flower from which they are gained or lost 









































Number of parts Flowers with Flowers with 
parts missing parts added 
Number Frequency bee 8 Frequency i Frequency 
Sepals 
5 1 1 2 0 
4 323 3 4 0 
3 1 5 0 6 1 
7 0 8 0 
Petals 
5 7 2 72 1 0 
4 167 4 57 3 3 
3 70 6 69 5 4 
2 48 8 77 7 0 
1 23 
0 10 
Stamens¢ 
7 3 1 134 2 8 
6 3 3 3 + 4 
5 11 5 9 6 11 
4 169 7 5 8 4 
3 131 
2 6 
1 1 
0 1 
Styles 
5 8 2 0 1 0 
4 316 4 0 3 1 
3 1 6 0 5 5 
8 1 7 2 








« Figure 32 makes an apparent discrepancy in the frequency totals here. 


Of six flowers with two stamens, five have stamens symmetrically placed 
(figs. 50-54). There are too few such flowers to permit the drawing of definite 
conclusions, although they are predominantly symmetrical. Single instances 
of stamenless and one-stamened flowers were observed (figs. 55, 56). 
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Floral diagrams of Sagina procumbens. 


Figs. 55, 57-59, 65, 66, 72 
60 
61-63, 67, 68 
64 


56, 69-71 


Number 
of stamens 
4 Figs. 57, 58, 61, 66-72 
3 59, 60, 62-65 
2 
1 55 
0 56 
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Reference to table 1 shows that the extra stamens were not added in any 
regular manner to the epipetalous radii. Since five-stamened flowers were 
produced mostly during early flowering, when flowers are largest, an increase 
in staminal number might well be expected. 

Of 325 flowers, all had four styles except eight which had five styles, and 
one which had three styles. The extra styles are seen to occur in positions 
3, 5, and 7, with most of them in position 5, which is opposite the inner sepal 
on the side away from the axis. It will be noted that all the styles were added 
to the outer or anterior side of the flower, which is away from the axis, a posi- 


tion which could possibly have more ‘‘ available space’’ (figs. 57-64). 


DISCUSSION AND INTERPRETATION OF RESULTS 


Reasons have already been advanced for the occurrence of apparently 
axial flowers in S. procumbens, and for the loss of petals from all petalous 
radii. Stamens, however, were lost with definite regularity from position 1. 
This is the sepalous radius which is adjacent to the axis, so that it is very 
possible that such a radius would be decreased in area by crowding and 
pressure of the axis during the developmental stages. As was pointed out, 
this would agree with Hofmeister’s theory of available space. In Stellaria 
also, Matzke found stamens lost from more crowded radii. 

Floral reduction is one of the most outstanding features of the Caryo- 
phyllaceae, and of the genera Sagina and Stellaria in particular. This is ex- 
pressed in a decreasing series of floral numbers. Other factors are also of 
importance at least in the two genera mentioned. If symmetry, involving 
architectural balance in the flower, were the major factor in determining 
floral numbers, a two-stamened flower should be the next most frequent 
after the four-stamened one, rather than the three-stamened pattern which 
appeared as a second major type (in the genus Sagina). 

Matzke reported nine-stamened flowers most frequent after ten-stamened 
ones in his study of Stellaria. On the basis merely of reduction involving 
radial symmetry, the five-stamened flower or possibly an eight-stamened form 
should have been next most frequent after the ten-stamened type. Both of 
these were abundantly produced. Clearly the same condition obtains in 
both genera. It would be difficult to conceive of a ten-stamened flower pro- 
gressing to the five-stamened stage in a single step. Thus symmetry relation- 
ships seem significant in the orientation of flower parts in Stellaria and 
Sagina. 

By virtue of its extreme reduction in floral numbers and in the condensa- 
tion of its primary axis, budding and inflorescence, 8S. procumbens appears to 
be the most reduced species in the genus Sagina, while S. nodosa appears 
least reduced. 
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SUMMARY AND CONCLUSIONS 


1. The inflorescence of Sagina shows marked reduction in the cymose 
type of inflorescence. 

2. S. nodosa appears to be the least reduced species of the genus, and 8. 
procumbens appears most reduced. 

3. The loss of petals in 8. procumbens follows no definite order, but 
rather conforms to Eichler’s theory of simple variation. 

4. Four is the common stamen number in 8. procumbens, and not eight 
as Eichler’s diagram might lead one to suspect. 

5. The loss of stamens in S. procumbens is largely from one definite 
position and conforms with interpretations of reduction and of Hofmeister’s 
theory of available space. 

6. That the factor of age influences the number of floral parts, as found 
by older authors, is also true in 8S. procumbens. 

7. These tendencies in reduction are in essential agreement with similar 
expressions in the related genus, Stellaria. 


I wish to thank Dr. E. B. Matzke for his guidance and help in furthering 
this investigation. 
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THE ESTABLISHMENT OF A WHITE BIRCH COMMUNITY 
ON CUTOVER PULPWOOD LAND IN 
NORTHWESTERN MAINE 


Henry J. OostinG AND JOHN F. REED 


Although short-lived, slow growing, and definitely a temporary species, 
white birch (Betula papyrifera Marsh.)' is economically a very important 
component of the second-growth forest of northwestern Maine. In this 
region white bireh was first exploited appreciably as a timber tree about 
1880. The wood was used almost exclusively for spools, shoe pegs, shoe 
shanks, toothpicks, dowels, and miscellaneous wood turnings until shortly 
after 1910, when increased demands for these articles brought about the use 
of other hardwoods as substitutes. The available supply of white birch in 
Maine has dwindled appreciably since about 1930, because of the continued 
demand for its use in turnings and manufactured wood products as well as 
its use for pulpwood. Until recently cutting of white birch in western Maine 
has been haphazard and with little or no concern for the future. The rapid 
depletion of merchantable stands of this valuable species has emphasized the 
desirability of applying silvicultural practices which may assure a continued 
source of supply. To this end, intensive studies of the white birch community 
are necessary and ecological studies may contribute materially. 

Fire has long been known to be the agent primarily responsible for the 
establishment of the white birch—aspen type in the Northeast. This forest 
type is practically restricted to burned-over areas (Dana 1909, 1930). With 
the increased protection against fire of recent years, the type is more limited 
in area than formerly. Since it would not now seem plausible to assume that 
fire should be used to promote the development of the birch—aspen type, and 
thus assure a supply of white birch, it follows that the future supply of white 
birch will be derived from its present natural reproduction on cutover pulp- 
wood lands where it now occurs as a component of types of communities 
other than birch—aspen. 

Dana (1909, 1930) summarized the occurrence of white birch on un- 
burned areas in the Northeast in the following communities: (1) in pure 
stand; (2) in northern white cedar (Thuja occidentalis) communities of the 
flat, wet areas in the valleys; (3) in admixture with red spruce (Picea rubens 
Sarg.) and balsam fir (Abies balsamea) at the higher elevations in the moun- 
tains; and (4) with other hardwoods: namely, yellow birch (Betula lutea), 
sugar maple (Acer saccharum), and beech (Fagus grandifolia). Westveld 


1 Nomenclature is that of Gray’s Manual, 7th Ed., unless authorities are given. 
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(1930b, 1931) further described the yellow birch—-spruce subtype of the 
spruce—hardwood type in which yellow birch, red maple (Acer rubrum), 
and white birch grow in association with red spruce and balsam fir. 

Although as early as 1905, there was some use made of maple, beech and 
birch in the manufacture of pulp (Hale 1906), it was much later in north- 
western Maine that the demand for hardwoods in the pulp industry brought 
about clear-cutting of the mixed spruce—hardwood forests. As late as 1931 
studies on the regeneration of forests on cutover lands refer exclusively to 
balsam fir and spruce as the pulpwoods (Westveld 1930a, 1930b, 1931). Thus 
it is that for approximately the past ten years only have extensive areas of 
mixed spruce—hardwood forests been clear-cut for pulpwood. These cutover 
areas are now being reoccupied by a young forest, the exact nature of which 
can only be well known after concentrated studies, preferably phytosocio- 
logical, have been made locally of the developing communities. 

Locally, white birch may appear as the major dominant in these young 
stands which are then probably to be classified as a phase of the ‘‘yellow- 
birch subtype’’ of the mixed spruce—hardwood forest. The potential economic 
importance of the community makes it highly desirable that its character- 
istics be studied and recorded. 

To learn the nature of the community in which white birch is now reap- 
pearing on cutover pulpwood lands, a stand with white birch reproduction 
ten years of age was selected for study (summer, 1940) from a large area 
which had been subjected to a clean cut for pulpwood in the summer of 1930. 
This stand was located on Lot 11, Range 17, Byron, Oxford County, Maine. 
A 54-60-year-old stand, believed to be typical of those in which white birch 
is a dominant species in the yellow-birch subtype, was also selected for 
study. The sites of the two stands were comparable. The older stand was on 
Lot 6, Range 13, Byron, Oxford County, Maine. The origin of this 54—60- 
year-old stand is obscure, although it seems not to have been due to fire. 
Aspens were relatively unimportant in the community, and hardwoods and 
softwoods were of nearly the same age, both conditions atypical of a stand 
which immediately follows fire. 

At the present time it is not possible to work out a complete birch-domi- 
nated successional series on clear-cut areas formerly occupied by the mixed 
spruce—hardwood type, for only occasionally on very small areas was the 
mixed forest cut clear prior to 1930, cirea. On these restricted areas, as else- 
where, birch dominance is only local so that representative stands are com- 
monly too small for ecological analysis. Other reasons such as obscure his- 
tory or selective cutting eliminated all intermediate-aged stands observed in 
the Byron region. Thus it is possible now to record only the beginning of 


succession and to predict the trend of future changes on the basis of a 
mature undisturbed stand. 
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METHODS” 







After the limits of each white birch community had been determined by 
a preliminary cruise, a series of ten sets of quadrats was laid out. Following 
a compass the sets were spaced at 10-meter intervals throughout the longest 
diameter of the community. Each set of quadrats consisted of a nest of three 
quadrats, the largest size being 10 by 10 meters on a side, with the smaller 
sizes (four by four meters, and one square meter) superimposed in one 
corner. On the largest plot, counts and diameters were obtained for all the 
woody individuals over one inch d.b.h.,° or over ten feet tall. Records for 
over- and under-story were kept separate. Shrubs and woody reproduction 
under one inch d.b.h., or less than 10 feet high, were counted on the four-by- 
four-meter plots and records were kept separately of the individuals less 
than one foot high and more than one foot high. Thus four woody strata 
were distinguished (overstory, understory, transgressives, seedlings) in the 
mature stand but only three in the young stand where no understory had 
yet developed. Herbs were listed on the one-square-meter quadrats and their 
coverage estimated. From these data it was possible to derive intimate knowl- 
edge of each stratum, including density and frequency of all woody plants 
as well as the basal area of the dominant trees in both stands and the secon- 
dary trees in the mature stand. The frequency and average coverage of the 
herbaceous plants were also determined. 

In the young stand the stumps of the trees which formed the preceding 
community were in a fair state of preservation and their identity was easily 
determined. These stumps were counted and their distribution noted, so that 
it was possible to determine with a fair degree of accuracy the type of forest 



























which previously occupied the area. 









RESULTS 






The nature of the stand which was clean cut for pulpwood in 1930. 
The nature of the community which preceded the establishment of the ten- 
year-old white birch community used in this study was determined by analy- 
sis of the stumps encountered on the ten-by-ten-meter plots in the young 
stand. The results of this study are presented in table 1. 

It appears that the original stand, prior to cutting, was a mixed spruce— 
hardwood community with a relatively large proportion of red spruce. Of 
the 71 stumps encountered on the ten plots forty-eight (67.6 per cent) were 
red spruce and eighteen (25.4 per cent) were of the hardwood species indi- 
cated in table 1. Five balsam fir stumps were encountered, representing 7.1 
per cent of the total number. White birch trees made up only 9.8 per cent of 





















2 Modified after the method used by Oosting and Billings (1939). 
3 d.b.h. = diameter breast high. 
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TABLE 1 


Frequency and density of the stumps remaining from the stand which previously occu- 
pied the area upon which a ten-year-old stand of white birch is now established. Based on 
ten 10 x 10-meter plots 











Species Frequency Density 


Picea rubens 100 4.8 
Betula papyrifera 50 0.7 
Betula lutea 30 0.6 
Acer rubrum and Acer saccharum 30 0.5 
Abies balsamea 30 0.5 





«Impossible to separate these species in the present state of preservation of the 
stumps. 





the original stand and were irregularly distributed (frequency 50 per cent). 
These figures may be significant nevertheless. Factors such as seed year, 
germination, and early growing conditions may all serve selectively to deter- 
mine what species become established on denuded forest land. But the rela- 
tively low values for white birch suggest a low minimum of parent trees 


9 Oe Q 
Q@@OO 
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Fig. 1. Phytographs for the dominant tree species of the young white birch stand. 
Radius 1. Pereentage of total dominant abundance. Radius 2. Percentage frequency. 
Radius 3. Percentage of total size classes represented. Radius 4. Percentage of total domi- 
nant basal area. In these phytographs the inner end of each radius represents the absence of 
its assigned sociological characteristic. All phytographs based on ten 10 x 10-meter plots. 
Abbreviations: BP—Betula papyrifera, PP—Prunus pennsylvanica, BL—Betula lutea, 
AR—Acer rubrum, AB—Abies balsamea, PR—Picea rubens, PT—Populus tremuloides, 
FG—Fagus grandifolia, AS—Acer spicatum, ASac—Acer saccharum, AC—Amelanchier 
canadensis, BPop—Betula populifolia, AP—Acer pennsylvanicum. 














1942] 





neces 
eutti 
7 
The 
1940 
prec 
was 


flow 


stan 
stan 


Bet 


Pru 


Ace 
Ab 
Pic 
Po 
Fa 
Ac 


Be 


1942] OOSTING AND REED: WHITE BIRCH COMMUNITY 651 


necessary for the establishment of a birch-dominated stand after clear 
cutting. 

The young white birch stand in the mixed spruce—hardwood forest. 
The young forest which followed the clear-cut of 1930 was studied in August, 
1940. At this season of the year the aestival aspect of the lesser vegetation 
predominated. Identification of the immature, autumnal-flowering plants 
was possible, but it is probable that some of the more ephemeral spring- 
flowering plants had withered beyond recognition. 


TABLE 2 


Densities and frequencies of tree species by height classes for a birch dominated 
stand 10 years after clear cutting of mixed spruce-hardwood and a 60-year-old undisturbed 
stand of unknown origin 





10-yr. stand 60-yr. stand 





| over | 1-10 under over- under- 1-10 under 


10 ft. | feet 1 ft. story story feet 1 ft. 


37.8 | 40.0 3.1 | 6.0 0.3 

90 100 20 100 20 
12.7 21.9 0.2 
100 80 20 
10.8 | 13.1 3.8 0.1 0.3 
100 | 50 30 10 20 
6.6 | 56 | 4.4 0.8 2.4 
100 | 60 | 40 50 80 
6.0 78.1 | 113 0.5 3.2 
100 70 | 60 40 100 
3.2 25.6 | 1.9 aa 3.5 

80 80 | 20 50 | 100 
2.5 13 | 0.4 

50 20 20 

1.2 in. 4 0.4 0.3 

40 30 | 10 30 
1.0 0.2 

30 10 

0.8 

20 

0.2 § 0.2 

20 10 

0.2 § 0.2 

10 | 20 
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a Transgressive and seedling counts made on 4x4-m. plots have been raised to 
10 x 10-m. basis for better comparison with numbers in larger height classes. 
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Dominant tree species were considered to be all those comprising the 
canopy (table 2). These included a miscellaneous series of thirteen species 
all represented by individuals from 10 to 15 feet tall. White birch, pin cherry 
(Prunus pennsylvanica), yellow birch, and aspen (Populus tremuloides) 
were consistently the tallest trees on the area, although they did not so 
markedly overtop the other species as to form an upper and lower division 
of the canopy. 

White birch was clearly the most important species in the stand (fig. 1) 
as indicated by its density (average number of trees per quadrat) of 37.8, 
which is about three times that of pin cherry or of vellow birch with the next 
highest values. On the basis of transgressives and seedlings as well as tree 
counts four species other than white birch should be mentioned as important 
in the stand. Yellow birch, red maple, balsam fir, and red spruce all were 
well represented in all height classes and of these species only spruce had 
a frequency of less than 100 per cent in the canopy. Other species numbered 
among the dominants all appeared with relatively low frequencies and were 
al! represented by density values of less than one-half the average density of 
all dominant species in the stand, i.e., 6.3. 

The total basal area of all the dominants per 100 square meters averaged 
9.81 square feet and the average per species was 0.76 square feet. Those spe- 
cies which had the highest densities likewise contributed the most to basal 
area, for all equalled or exceeded the species average: white birch, 3.76 
sq. ft.; pin cherry, 1.7 sq. ft.; vellow birch, 0.79 sq. ft.; and red maple, 
0.75 sq. ft. 

Phytographs of the dominant species (fig. 1) serve to emphasize further 
the relative importance of the species at the time of sampling. The first six 
were obviously much more abundant, more uniformly distributed, and had 
a greater basal area than the last seven. In addition they were all represented 
in at least one more size class, which suggests that, for a time at least, they 
will continue to dominate the stand. Two possibilities may account for future 
changes in the relationships of the species with fewer size classes. If they are 
slow growing and shade tolerant (e.g., Acer saccharum), they will eventually 
become more and more important and predominate in all strata. If they are 
intolerant (e.g., Betula populifolia) they have already reached their peak 
possibilities and will soon disappear or at least not be replaced. 

Pin cherry was an important competitor with white birch during the 
early development of this stand. The more slowly growing hardwoods, 
namely yellow birch, red maple, beech, and sugar maple, were definitely of 
less importance than birch during the first ten years of development. Spruce 
and balsam fir were both important species, apparently making regular and 
appreciable growth in competition with the surrounding hardwoods. 

Twelve tree species which occupied a secondary or transgressive position 


1942 | 


in tl 
red 

exce 
mor 
All 

ber: 
of s 


—=_"~ 


— 


ee 


wes! OOSTING AND REED: WHITE BIRCH COMMUNITY 653 


in the community had an average density of 17.3. Balsam fir, white birch, 
red spruce, and pin cherry were the only species represented in numbers 
exceeding the average for all species and with frequencies of 70 per cent or 
more. Thus it is clear that spruce and fir were well established in the stand. 
All important species of the dominant stratum were present in greater num- 
bers in the subordinate size class except red maple. This is clearly the result 
of seeding over a period of several years after clear cutting, during which 


2D @@ 
OO® 
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Fig. 2. Phytographs for the dominant tree species of the 54-60 year old white birch 
stand. Radii as in figure 1. Abbreviations: BP—Betula papyrifera, AR—Acer rubrum, 
AB—Abies balsamea, ASa—Acer saccharum, PR—Picea rubens, FG—Fagus grandifolia, 
AP—Acer pennsylvanicum, BL—Betula lutea, AS—Acer spicatum, PT—Populus tremu- 
loides, AC—Amelanchier canadensis, PG—Populus grandidentata. 


ASa 


time a wide variety of species have almost equal opportunity to become 
established. After a canopy develops, as in this stand, many of these over- 
topped individuals should be eliminated and it would be expected that the 
numbers of shade intolerant species would decline rapidly. On the other 
hand, species which are tolerant should continue to reproduce and, there- 
fore, form an increasingly larger percentage of the lesser size classes, 

The numbers and distribution of seedlings (less than 1 ft.) become of 
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interest then in suggesting the changes to be expected in stand composition. 
Only six species were represented in this size class. Sugar maple and balsam 
fir made up more than one-half of the total count and were present with a 
relatively high frequency. Their future importance in the stand was thus 
assured. The low values for white and yellow birch suggest their future 
diminished importance in the stand and this may also be true for red spruce. 
Red maple values however suggest its permanency with only slight decreases 
in numbers. 

The complete absence of seedlings of several species must be interpreted. 
With no reproduction to replace the short-lived dominants, pin cherry must 
soon disappear from the stand. Aspen is somewhat in the same category but 
not as certainly. Beech and mountain maple are shade-tolerant and slow- 
growing. Both have low mortalities, once established, and therefore an 
occasional good seed year is sufficient to maintain their presence in signifi- 
cant although never predominating numbers. 

Among the shrubs (table 3) the wild raspberry (Rubus idaeus var. 
aculeatissimus) was so important in this young stand as to form a dense 


TABLE 3 


Density and frequency of shrubs in a 10-year and a 60-year birch dominated stand 


10-yr. stand 60-yr. stand 

D ered hs F 
Rubus allegheniensis 10.6 10 0.6 10 
Corylus rostrata 5.6 20 0.6 10 
Ribes prostratum 3.8 20 
Viburnum alnifolium 1.3 20 0.6 10 
Sambucus racemosa 0.6 10 
Rubus idaeus var. aculeatissimus 43%a 90 
Cornus alternifolia 5.0 20 
Vaccinium pennsylvanicum 


28.8 | 30 


« Average estimated cover as determined on ten plots. Densities determined on 
4x 4-m. plots have been raised to 10 x 10-m. basis. 
cover (43 per cent) over much of the lesser vegetation. Since its growth form 
is such that it sprawls over every adjacent unoceupied space, it was con- 
sidered more significant to record the area covered by the species than to 
make a count of the individual stems on the plots. Other shrubs most charac- 
teristic of this young stand were: the beaked hazelnut (Corylus rostrata) ; 
the blackberry (Rubus allegheniensis) ; and the skunk eurrant (Ribes pro- 
stratum). The shrubs other than raspberry seem relatively unimportant in 
a stand of this age, as is indicated by the rather low value of 21.9 which 
represents the combined total density of all shrubs encountered per 100 
square meters, raspberry excluded. 


The frequency and coverage of the herbaceous vegetation under the ten- 
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year-old white birch stand appear in table 4. Cornus canadensis, Aspidium 
spinulosum var. intermedium, Maianthemum canadense, and Viola rotundi- 
folia were the most widely distributed species with the greatest cover within 
the community. Only eleven herbaceous species were encountered on the 
plots, of which five were limited to a single plot. It is possible that the rela- 
tively dense shade under the abundant red raspberry cover of the shrub 
layer is an important factor in the explanation of this limited herbaceous 
population. 
TABLE 4 
Cover and frequency of herbs in a 10-year and 60-year birch dominated stand 


10-year 60-year 
ou r - ~ — — -— — — 
| pereent | F per cent FP 
cover cover 

i , ms a te . 7 Seu : 
Cornus canadensis 20.5 60 1.5 10 
Aspidium spinulosum var. intermedium .. | a. 40 
Maianthemum canadens¢ 2.1 40 4.2 70 
Viola rotundifolia 2.0 40 
Osmunda claytoniana 1.5 10 
Carex debilis var. rudgei 1.1 20 
Trientalis americana 0.7 30 2.5 40 
Aralia nudicaulis 0.5 10 1.0 10 
Coptis trifoliata 0.5 10 
Oakesia sessilifolia | 0.5 10 
Lycopodium clavatum 0.1 10 | 
Pteris aquilina 8.5 40 
Lycopodium obscurum 2.0 10 
Pyrola americana 0.2 20 
Lycopodium complanatum 0.2 20 
Fragaria virginiana 0.2 20 
Gaultheria procumbens 0.1 10 
Aster infirmus 0.1 10 
Chimaphila umbellata 0.1 10 
Clintonia borealis 0.1 10 





The herbaceous vegetation is more nearly comparable to that of the 
Cornus-Maianthemum forest type of the Adirondacks (Heimburger 1934) 
than to any other type described in eastern North America. It differs from 
the typical Cornus-Maianthemum type in several of the associated species; 
notably, in that Dalibarda repens, Clintonia borealis, and Pteris aquilina 
were not found to be present here, and in that Aspidium spinulosum var. 
intermedium and Viola rotundifolia were of such importance. Perhaps this 
is limited information upon which to designate a forest type by comparison 
with those described in a similar province but the necessity for an intensive 
study of forest types in Maine is indicated before direct use of Cajander’s 
(1926) forest-type method can be made. 

The older white birch stand in the mixed spruce—hardwood forest. The 
older forest, dominated by white birch (fig. 2), was studied a few days after 
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completion of the field work in the young forest, already described, so the 
seasonal aspect of the vegetation in the two communities is comparable. 

Phytographs of the dominant tree species in this stand are presented in 
figure 2. The white birch, 54-60 years of age, was near the peak of its 
marketable growth, according to the data presented by Dana (1930) for the 
development of merchantable volume of white birch in Maine. 

The important role of white birch in this stand is indicated by the phyto- 
graphs of figure 2. Its density was 6.0 as compared with 0.82, the average 
density for all dominants in the stand. Red spruce, density 1.2, and red 
maple, density 0.8, were the only other dominant species whose density 
values approached the average density of all dominants. The average basal 
area per 100 square meters of all dominants in this community was 2.52 
square feet, and the total basal area of all dominants per 100 square meters 
was 27.74 square feet. The basal areas per 100 square meters of those species 
showing the greatest density values were: 17.24 square feet for white birch, 
3.08 square feet for red spruce, and 1.42 square feet for red maple. Balsam 
fir had an average basal area per 100 square meters of 1.72 square feet and 
Populus grandidentata an average of 2.04 square feet, these being the only 
additional species in the stand approaching the average basal area for all 
dominants. 

Secondary trees (table 2) included all species of the overstory except 
Populus tremuloides and only two additional species, Prunus pennsylvanica 
and Frarinus americana. Individuals of a species were invariably smaller in 
the understory and occurred there with different densities than in the over- 
story. Yet their proportions in the subordinate stratum as well as their dis- 
tribution were such that phytographs, constructed for ten species present 
in both strata, were so remarkably similar in form to those of the overstory 
that their reproduction is not justifiable. It is sufficient to indicate that the 
major species were represented in the understory by individuals with socio- 
logical values having the same relative proportions in this stratum as in the 
overstory. Of the important trees only white birch was an exception. Its 
maturity, impending decadence, and eventual elimination were strongly 
indicated. Its density was only 5 per cent of that in the overstory, its fre- 
quency only 20 per cent and its basal area well below the average for all 
species. Since all reproduction had ceased (no seedlings or transgressives, 
table 2) its eventual disappearance from the stand was obvious whether cut 
or not. 

The average density of all twelve species in this stratum was 1.24. In the 
order of their importance the species of the secondary layer were : red spruce, 
density 3.5; balsam fir, density 3.2; sugar maple, density 3.1; and red maple, 

density 2.4. The average basal area per 100 square meters of all the secondary 
trees was 0.67 square feet, and the total basal area per 100 square meters of 
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all species was 8.06 square feet. Five species surpassed the average of all 
secondary trees in respect to their average basal area per 100 square meters; 
they were: red spruce, 4.17 square feet; balsam fir, 1.72 square feet ; beech, 
1.05 square feet ; sugar maple, 0.79 square feet; and red maple, 0.70 square 
feet. 

The frequency and density of the tree species of transgressive size, over 
one foot and less than ten feet in height, appear in table 2. Their average 
density was 26.19. Red maple and sugar maple were the most important 
hardwood species in this size class. No white birch was present. Balsam fir 
was much more abundant and more evenly dispersed throughout the stand 
than red spruce. Striped maple, a small tree of little economic or sociological 
value was abundantly represented. 

The average density of all tree seedlings was 75.8. Seedlings of red 
maple, balsam fir, and sugar maple were by far the most abundant and uni- 
formly dispersed just as in the transgressive stratum. The densities of 
Betula lutea and Acer pennsylvanicum were sufficiently high, however, to 
assure, with 100 per cent frequency, their permanence in the community if 
their survival continued as indicated by their values in older strata. 

This community supported only a meager shrub population (table 3), 
both in number of species (5) and in their dispersion throughout the stand. 
The blueberry (Vaccinium pennsylvanicum) appeared most frequently and 
with the greatest density. It is of interest that three species (blackberry, 
hazelnut, hobblebush) present in the young stand were here also although 
in reduced numbers. 

A total of thirteen herbaceous species (table 4) were encountered on the 
area, of which only three species were found on more than two plots. Pteris 
aquilina, Maianthemum canadense, and Trientalis americana were the most 
significant species on the forest floor, both as to cover and distribution. 
Except for the relative insignificance of Cornus canadensis, the herbaceous 
species encountered in this stand are more nearly comparable to those of the 
Cornus-Maianthemum forest type (Heimburger 1934) than to any other 
type described in the Adirondack region. This limited evidence again indi- 
cates that a forest-type study in the region would show markedly different 
vegetation complexes in the herbaceous flora beneath forest canopies than 
have heretofore been described in the Northeast. 


INTEGRATION AND SUMMARY 


This study shows that during a 10-year period, following the complete 
removal of a mixed spruce-hardwood forest, a mixed stand dominated by 
white birch and ineluding the typical species characteristic of the mixed- 
spruce hardwood forest of the Northeast, has established itself. Phytosocio- 
logical analysis indicates the essential similarity of the young stand and a 
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04-60-year-old white birch—-mixed community which is the characteristic 
forest found on many areas on the lower slopes of the mountains in north- 
western Maine. 

White birch, pin cherry, yellow birch, and a limited amount of aspen 
together seem to be most important in establishing the first canopy on certain 
clear-cut sites. Abundant balsam fir, red spruce, and white birch reproduc- 
tion constitute the secondary layer of the voung stand when ten years of 
age. Dense growth of red raspberry in the shrub laver forms such a degree 
of shade that the very tolerant sugar maple and balsam fir are favored in the 
youngest size class of tree reproduction within the 10-year-old stand. The 
herbaceous plants of the young stand apparently constitute a community 
which is in part persistent from that present beneath the preceding stand, 
as evidenced by the importance of Cornus canadensis at the ten-year-old 
stage. This species in the region is most frequently associated with the typi- 
eal mixed spruce—hardwood forest such as previously oceupied the site now 
covered by the young stand. It does not, however, seem to persist in such an 
important role when the admixture of dominant species includes white birch, 
as is true in the 54—60-yvear-old stand. In part, the herbaceous layer beneath 
the white birch—mixed forest represents, even at an early age, certain new 
combinations of species destined to remain conspicuous throughout the dura- 
tion of the white birch dominance. Maianthemum canadense and Trientalis 
americana represent such a combination in the stands studied. 

Indications are that an attempt to apply the Cajander method of forest 
types in northwestern Maine can follow successfully only after a careful 
study of the communities in that specific area. The work of Heimburger 
(1934) in the Adirondack region does not seem to be thoroughly applicable 
to the forests of Maine. There is evidence from indicator species that the 
effect of a preceding community may be felt after cutting for at least a 
10-year period, the critical period of ecesis for the new community, a fact 
which complicates the interpretation of herbaceous ground cover as ‘‘typi- 
eal’’ of the forest community above it. 

Because of the comparatively recent practice of clear-cutting in the mixed 
spruce—hardwood region of northwestern Maine, no complete successional or 
developmental series can be arranged for white-birch-dominated communi- 
ties at this time. It is evident, however, by comparison that on those sites 
where white birch gains the ascendency directly after cutting, it remains to 
constitute the important dominant for at least 54-60 years, since no real 
difference exists in the complex of species in the 10-year-old community and 
in one selected for age alone (54-60 years) on a similar site. In the older 
stand the importance of white birch is obvious in that it occurred with 100 
per cent frequency, and its total basal area represented 69.3 per cent of the 
total basal area of all the dominants. It is to be emphasized, however, that 
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not all of the mixed spruce—hardwood forest sites return, after clearing, to 
a forest in which white birch occupies such a major position. These results 
merely indicate that the development of a white birch—mixed forest com- 
munity on any given area formerly occupied by a mixed spruce—hardwood 
forest is possible within 10 years after that forest has been removed. This fact 
has not hitherto been stressed, yet it is of importance to gauge the future 
supply of white birch wood in Maine for the many industries dependent 
upon it. 

Most of the white birch in the region is cut by the time it reaches 60—70 
years of age, a fact conditioned by its favorable volume, its reduced growth 
rate as it is overtaken in the mixed forest by the more slowly growing but 
longer-lived species, and its tendency to larger volumes of ‘‘red heart’’ (i.e., 
discolored heartwood) with increasing age and over-maturity. After the 
removal of the mature white birch, the species is not found within the stand 
unless future treatment provides large openings in which it may have its 
necessary light requirements fulfilled, or unless stump sprouts manage to 
survive in peculiarly favorable locations, Balsam fir, a constant associate of 
the white birch during its life in the mixed community, is another species 
which occupies a diminished importance concurrently with or slightly prior 
to the peak of the white birch dominance. The 60-year stand included many 
over-mature and dead balsam firs, but the marked reproductive capacity of 
the species and its tolerance of shade would seem to insure its persisting as a 
lesser species after the removal of the white birch. 

From this study it would appear that once the white birch has been 
eliminated from a white birch—mixed forest community, either through senil- 
ity or by selective logging, the subsequent forest remaining and persisting 
would be a typical mixed spruce—hardwood stand which would inelude red 
spruce, red and sugar maples, and yellow birch as its major components. 
It will be recalled that such a forest when clear cut may be succeeded by a 
young community, such as the 10-year stand, one of whose major pioneer 
tree species is white birch. 

DuKE UNIVERSITY, DEPARTMENT OF BOTANY 

DurHAM, NORTH CAROLINA 
AND 
BALDWIN- WALLACE COLLEGE, DEPARTMENT OF BIOLOGY 
BEREA, OHIO 
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CEPHALOMONAS, A NEW GENUS OF THE VOLVOCALES' 


Noe HicInspoTHAM 


The members of the Coccomonas group, the Coccomonadae of Pascher 
(1927) are apparently very rare in this country since hitherto none has been 
reported, so far as the author has found. Therefore the discovery in Mary- 
land of a new distinetive alga similar to the Coccomonadae in having a lorica 
instead of a typical cell wall seems to be of considerable interest. Since the 
new alga is characteristically different from both Coccomonas Stein and 
Thoracomonas Korschikov, the most similar genera, it appears desirable that 
it be given generic rank. 

VEGETATIVE CELLS 

Numerous collections of this new alga were made from roadside puddles 
during the summer of 1941. The lorica is relatively thick, granulate, and is 
clear or tinged with yellow. It does not seem to turn brown with age as do 
the ferric-impregnated shells of other algae such as Trachelomonas and 
Thoracomonas. It seems rigid in older cells, however, since it breaks when 
pressure is applied on the cover glass. The protoplast usually fills the lorica 
(fig. 1) although occasional individuals are found in which the naked proto- 
plast has contracted and rounded up inside the shell (figs. 2, 4, 8). This 
condition also oceurs prior to reproduction (figs. 7, 10). The two anterior 
flagellar pores are relatively widely separated (fig. 1). 

The form of the cells (figs. 1, 2) may best be compared to that of a 
truncated Brachiomonas simplex individual. There is an anterior, sub- 
hemispherical, head-like portion which ends abruptly at about the middle, 
and a cylindrical, slightly tapered, posterior process. The cells are always 
somewhat compressed and appear pyriform in side view. In optical trans- 
verse section the cells are elliptic, or obscurely rhomboidal (figs. 3-6). Not 
infrequently the compressed sides project slightly (fig. 3). Older cells pre- 
paring to divide become rounded (figs. 4, 7). The cells range from 8 to 15 y 
long, from 6 to 12 » wide (face view), and from 5 to 9 thick. The flagella 
are from 8 to 16 y long, being equal to or greater than the body length. 

The insertion of the flagella is oblique with reference to the transverse 
axis (figs. 3-6) as in the Phacotaceae. 

The protoplast has the usual Chlamydomonas-like structure. The 





1 Contribution from the Chesapeake Biological Laboratory and from the Osborn 
Botanical Laboratory of Yale University with the aid of the Theresa Seessel Research 
Fellowship for 1941-42. The author is very grateful to Professor Tracy E. Hazen and to 
Professor Harold C. Bold for criticism of the manuscript. 
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Figs. 1-24. Cephalomonas granulata. Fic. 1 x 2720, Fias. 2-24 x 1370. Fig. 1. Vege- 
tative cell in face view. Two contractile vacuoles near base of flagella, pyrenoid in pos- 
terior process, small granules scattered in cytoplasm. Fie. 2. Cell in face view, protoplast 
eontracted from lorica. Figs. 3-7. Cells in optical section (seen from above). Figures 3 
and 6 show more typical vegetative cells; cells in figures 4, 5, and 7 probably preparing 
for reproduction. Fig. 8. Side view of a contracted cell. 
eell. Figs. 10-15, Stages in zoospore formation. 
first division. 


division. 


Fic. 9. Side view of ordinary 
Fig. 10. Protoplast in preparation for 
Fig. 11. Stage following first division. Fig. 12 
Fie. 13. Stage following first division. 
Fig, 15. Four zoospores. 


. Stage following second 
Fie. 14. Second division in process. 
Fie. 16. Disintegration of lorica and escape of naked zoospores. 
Fig. 17. Face view of zoospore recently liberated. 


Fig. 18. Face view of young cell, still 
naked and slightly metabolic. 


Fig. 19. Side view of young cell. 


Fic. 20. Young cell with 
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chromatophore is large and cup-shaped, filling the cell except for an ante- 
rior, more or less axial, clear region (figs. 1, 9). It is a light grass-green in 
the thinner cells but the larger individuals are darker in color. There is one 
small pyrenoid body (sometimes lacking) usually located in an axial posi- 
tion in the posterior process (fig. 1). The only starch found in the eell 
occurs as a layer around the pyrenoid. Other granules are present scattered 
throughout the cell and these may represent a reserve carbohydrate which 
does not react in the iodine test. No fatty substances have been demon- 
strated by the usual methods. The red eye-spot is slightly elongated, oval or 
elliptical in form, and is located laterally near the anterior third of the cell 
(figs. 1, 3). There are two contractile vacuoles in the clear region at the 
anterior end (figs. 1, 4, 6). 

A most unusual feature of the cell is the lateral, not axial, position of 
the nucleus (figs. 36, 39, 41). The studies of the nucleus were made on 
material fixed in Carnoy’s solution and it is possible that this appearance 
is an artifact. The prepared slides, however, showed that the nucleus often 
occupies a position on one side of the cell next to the shell. As may be seen 
in figures 36 and 37 the nucleus has a visible chromatin content. 

The cells are extremely active, swimming with a spiral movement and 
capable of reversing at any time. They seem remarkably sensitive to light, 
as compared to Pandorina, Chlamydomonas, Phacotus, and other organisms. 
When a mixture of the above forms and the new alga was placed in a drop 
of water on a slide, nearly all the Cephalomonas cells gathered on the more 
intensely lighted side within a minute, whereas, under the same conditions, 
the other organisms reacted little or not at all in that length of time. 


ASEXUAL REPRODUCTION 


Asexual reproduction takes place with the formation of 2-4 motile naked 
zoospores. Nearly all cell division stages were observed in the evening or 
early morning. When the cells are preparing to divide they tend to round up. 
The protoplast then shrinks away from the shell and the organism soon 
comes to rest, losing its flagella (fig. 10). No cell division has been observed 
in motile cells. The first division is longitudinal with respect to the proto- 
plast although the latter may change its position somewhat within the shell. 
Sometimes only two daughter cells are produced but there is usually a 
second division forming four daughter cells (figs. 12, 15). So far as has 
been ascertained the second division is also parallel to the long axis of the 
protoplast. Following the second division the four daughter cells, or 
zoospores, round up somewhat, and then gradually assume a pyriform shape. 





newly-formed, relatively smooth shell. Fie. 21. Escape of whole protoplast from lorica. 
Fig, 22. Protoplast of figure 21 immediately after its escape. Fas. 23, 24. Young vegeta- 
tive cells. 
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In the meantime the lorica of the parent cell has swollen considerably and 
the granules begin to separate from it. As the zoospores become active with 
the appearance of their flagella the lorica disintegrates irregularly into small 
granules and fragments of various size (fig. 16), thus liberating the young, 
naked, somewhat metabolic, cells (figs. 16, 17). The biflagellate zoospores 
are 4-6 , long and soon assume the shape (fig. 18) of the parent cell. The 
shell appears first as a thin smooth layer closely investing the cell and then 
gradually becomes granulate with age. Cells in hanging drop culture some- 
times retained a smooth non-granulate lorica, possibly because of the absence 
of iron. 

An entire protoplast was once observed escaping from its lorica (fig. 21). 
This cell assumed a pyriform shape (fig. 22) like that of a zoospore, but 
eventually resumed its original form. 

The zoospores are essentially miniatures of the parent cells as to chro- 
matophores, eye spot, etc. The pyrenoid was often not visible in zoospores 
observed in the morning in hanging drop cultures but later in the day all 
cells seemed to have one. Professor Hazen has observed the same phe- 
nomenon in a species of Chlamydomonas.” 


SEXUAL REPRODUCTION 


In sexual reproduction two biflagellate naked gametes, alike in size or 
nearly so, fuse to form a spherical quadriflagellate zygote. Sexual repro- 
duction has been observed on two separate occasions between 6 a.m. and 
9 a.m., with the formation of many zygotes in each case. The gametes are 
produced in the same manner as the zoospores, from which they cannot be 
distinguished morphologically with certainty. As in zoospore formation the 
divisions of the parent cell to form gametes were never observed to produce 
more than four cells, but the slightly smaller average size of the free gametes 
indicates that perhaps eight cells may often be formed. The gametes are 
pyriform, slightly metabolic, and range from 3-5, in length. Each cell 
has a chromatophore and a stigma but the pyrenoid appeared to be lacking 
more often in the gametes than in the zoospores. In the absence of structural 
differences between zoospores and gametes the only reliable criterion for the 
recognition of gametes is their capacity for sexual fusion. 

In the sexual fusions that were observed, two equal, actively motile 
gametes became attached at their anterior ends (figs. 26, 27). During the 
fusion process they swam about very actively, making it difficult to observe 
details. The newly formed zygotes are spherical and actively motile. Each 
contains two stigmas and two chromatophores at first (fig. 28). Later the 
chromatophores fuse (fig. 29) and eventually only one eye spot is visible 
(figs. 30, 31). The zygotes remained active (in hanging drop cultures) for 





2 Personal communication. 
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1-3 days and during this time they formed a granulate shell or spore wall 
(fig. 30) and increased in size from 6-8 y to 8-12 y in diameter. Following 
this vegetative phase they came to rest (fig. 32) and eventually lost their 
flagella (fig. 33). The protoplast not infrequently fails to fill the shell lumen 
(figs. 32, 35). Zygospore germination has not been observed. 


CYTOLOGY 
Fixed and stained individuals have supplied a few cytological details. 
With iron-alum hematoxylon the granules in the lorica take a deep stain 
but no distinct layers can be discerned in the shell matrix (figs. 36, 37, 39). 
A darkly staining granule, the blepharoplast (figs. 37, 39), lies at the base 
of each flagellum. A rhizoplast was not observed. In most cells the cytoplasm 
contains a number of small vacuoles (figs. 36, 39), but these are not so 
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Fies. 25-43. Cephalomonas granulata, All figures x 1370. Fig. 25. Isogametes. Figs. 
26, 27. Attachment of gametes to one another. Fig. 28. Newly formed zygote still with 
two eye spots and with a faint line between the chromatophores. Fie. 29. Same with 
chromatophores fused and one pyrenoid apparent. Fig. 30. Motile zygote with newly 
formed wall. Fig. 31. Optical section of naked zygote showing insertion of flagella. 
Fig. 32. Zygote with protoplast contracted. Fic. 33. Zygospore. Fies. 34-43, Fixed and 
stained material. Fic. 34. Zygospore showing pyrenoid (left) and nucleus (right). 
Fig. 35. Older zygospore, nucleus in upper portion. Fig. 36. Young vegetative cell. The 
pyrenoid in posterior process, nucleus, with its chromatic granules, in anterior right. 
Fic. 37. Side view of vegetative cell showing blepharoplasts at base of flagella. Fig. 38. 
Pyrenoids. Fig. 39. Vegetative cell with two blepharoplasts anterior, nucleus to left by 
shell. Fig. 40. Zoospore. Fic. 41. A naked (young?) protoplast. Fie. 42. Nucleus of 


vegetative cell. Fig. 43. Nuclei of zygotes. 
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conspicuous in individuals with protoplasts contracted away from the lorica 
(fig. 37). The pyrenoid sometimes appears simply as a clear region (figs. 40, 
41), but usually a more or less darkly staining body can be seen at the center 
(figs. 34, 36, 37, 38, 39). Not infrequently overstained individuals show a 
ies of starch around the pyrenoid (figs. 36, 38). 

The nuclei of vegetative cells have finely divided chromatin which rather 
obscurely appears to be in the form of a net (figs. 37, 39). It cannot be stated 
with certainty whether or not a nucleolus is present. In some cells a single 
nucleolus-like body occurs (fig. 37), but in other cells no such body was 
seen (figs. 39, 41). Not infrequently the nuclei are characterized by having 
a number of chromatic granules (figs. 36, 42) such as those described in 
Carteria by Akins (1941). So far as could be ascertained the number of 
these granules is not constant but ranges from about 4 to 7 in the vegetative 
cells (see figs. 36, 42), while some of the zygote nuclei have as many as 10 
(see fig. 43). In addition to the chromatic granules, other chromatin material 
is usually discernible (fig. 43). Stages in cell division and gamete fusion 
were not found in the prepared slides. The appearance of the zygotes may 
be seen in figures 34 and 35. 

LORICA 


The lorica of this new alga, and of the similar genera Coccomonas, 
Pedinopera, and Fortiella, is a distinctive feature of a number of the uni- 
cellular Volvocales. As yet, however, little is known of the basic structure 
of the lorica nor of the significance of its impregnation with compounds of 
calcium or iron. Conrad (1930) has deseribed Coccomonas as having a cel- 
lulose cell wall, in addition to the lorica, but this structure was not found 
in Ce phalomonas. 

A number of tests were made on the lorica of Cephalomonas. With potas- 
sium ferrocyanide and hydrochloric acid a blue color results, indicating 
the presence of the ferric ion. Since normally the lorica is not brown but 
clear or yellowish, it seems likely that iron is not present as an oxide, but 
may be combined with a shell constituent. The tests for calcium showed 
that none is present. The usual tests for cellulose and hemicellulose have 
also been applied and have failed to indicate the presence of either. These 
include the chloriodide of zine color reaction, the sulfuric acid and iodine 
color reaction and hydrolysis with 3 per cent hydrochloric acid. Owing to 
the small size of the cells and the inadequate number of them available for 
study, these tests cannot be considered conclusive, but they are reported 
here for any possible value they may have for future work. It should also 
be remembered that some of the hemicelluloses do not hydrolyse readily. 
Finally, staining with ruthenium red has revealed no pectic compounds. 


DISCUSSION 


In having a lorica impregnated with an iron compound, Cephalomonas 





1942] 


seems 
Of th 
may 
may 
pres 
C 
that 
to th 
as P 
7 
iron 
Pasi 
trib 
shor 
whe 
mel 
Phe 
Cal 
esst 


lor’ 


of | 
mo 
na 
me 
th 
hut 
to 
ho 
he 
fo 
al 
in 
st 














































1942] HIGINBOTHAM : CEPHALOMONAS 667 


seems to be allied with the Coccomonas group of the unicellular Volvocales. 
Of this group both Pedinopera (Pascher 1927) and Fortiella (Maggs 1941) 
may have iron-impregnated shells, although some species, as in Coccomonas, 
may have calcified loricas. Presumably calcium and iron both may be 
present in the shell of some forms (Printz 1927). 

Cephalomonas is also very similar to Thoracomonas and it would seem 
that the latter genus, with its lorica, stands closer to the Coccomonadae or 
to the Phacetaceae (Smith 1933) rather than being close to Chlamydomonas 
as Printz (1927) suggests. 

The cell envelopes in the Phacotaceae are also incrusted with calcium or 
iron, or both, and Fritsch (1935) includes Coccomonas in that family. 
Pascher (1927), on the other hand, separates the Coccomonas group as a 
tribe, the Coccomonadineae, and limits the Phacoteae to forms with shells 
showing two distinct halves. The classification seems to depend chiefly on 
whether the lorica or the number of flagella is considered to be the funda- 
mental feature. Printz (1927 ) places the biflagellate Coccomonas in the 
Phacoteae and the quadriflagellate genera, Pedinopera and Fortiella, in the 
Carterioideae. Such a classification, however, indicates that the lorica is 
essentially homologous with the wall of Carteria and its allies, whereas the 
lorica may really represent a distinctly separate development. 

As has been remarked before, the forms with a lorica consist essentially 
of a naked protoplast within an outer capsule. Thus forms such as Cephalo- 
monas, Fortiella, and Pedinopera may be most closely allied to the primitive 
naked Volvocales, the Polyblepharidaceae, and may represent an inter- 
mediate group leading to the Phacotaceae. There is considerable evidence 
that the Phacotaceae are a natural group climaxing a separate line of evo- 
lution, and most authors, on the basis of the presence of the cell wall, seem 
to believe this line arose from a Chlamydomonas type. It remains to be seen, 
however, whether or not the wall of the Chlamydomonas-type cell is actually 
homologous with the wall or lorica of the Phacotaceae and the lorica of other 
forms. Also it may be found that not all shelled forms are related to one 
another. At the present it remains a distinct possibility that the genera hav- 
ing a lorica may have had an independent origin from primitive volvoealian 
stock. 

DIAGNOSIS 

Cephalomonas Higinbotham, gen. nov. Cellulae vegetativae in lorica 
rigida ferro-crustata conclusae, semper compressae, a facie visae partem 
semiglobosam et processum posteriorem conspicuum habentes; a latere pyri- 
formes ; a sectione transversa ellipticae vel obscure quadrangulares. Flagella 
duo, anteriora, aequalia, e poris separatim per loricam exeuntia. Stigma 
praesens. Pyrenoides pro more praesens, interdum absens. Amylum cireum 
pyrenoiden in strato dispositum. Vacuola contractilia duo, anteriora. Chro- 
matophorum gramineo-viride, parietale, urceolatum. Propagatio per zoosporas 
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gametaque nuda mobilia ut videtur non structura distinguenda, loricae per 
dissolutione in fragmenta minuta liberata. 
Typus: C. granulata. 


Cephalomonas granulata Higinbotham, sp. nov. Lorica granulata, pel- 
lucida vel lutea. Cellulae vegetativae maturae 8-15 y longae, 6—12 ) latae (a 
facie), 4-8 »: crassae. Flagella corpus aequantia vel paullo excedentia. Stigma 
ellipticum in parte tertia anteriore cellulae dispositum. Chromatophorum 
continuum, urceolatum. Pyrenoides axilis, pro more in processu posteriore, 
interdum absens. Nucleus anterior, pro more lateralis. Propagatio per 2-4 
zoosporas nudas 4-6 longas. Generatio sexualis per isogametorum con- 
junctionem 3-6» longorum nudorum. Zygotum quadriflagellatum, plures 
horas mobile, demum membranam crassam efformans. Zygospora globosa 
8-12 , diametro immobilis. 

Typus in stagnis parvis prope Solomons, Calvert County, Maryland, 
lectus ; in herbario Horti Botanici Noveboracensis depositus. 

























SUMMARY 


Cephalomonas granulata gen. et sp. nov. is described and illustrated. 
The new alga is unicellular and has a granulate, iron-impregnated lorica 
with two anterior pores through which the flagella emerge. It thus seems to 
be allied to the genera comprising the Coccomonadae of Pascher’s classifica- 
tion (Pascher 1927). 

Asexual and sexual reproduction take place with the formation of naked 
zoospores and zoogametes. The disintegration of the lorica into small frag- 
ments frees the reproductive cells. 

The structure of the lorica is discussed and some cytological details of 
the protoplast are described. An unusual feature is the generally lateral 
position of the nucleus. 

It is suggested that the group of organisms having loricas instead of 
typical cell walls may represent a separate evolutionary line which origi- 
nated from the primitive naked forms of the Volvocales. 

OsBorN BoTtanicaL LABORATORY, YALE UNIVERSITY 
New Haven, CoNNECTICUT 
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THE INTERACTION BETWEEN THIAMINE AND FOUR FUNGI 
FREDERICK KAVANAGH* 
HISTORICAL REVIEW 

‘*Vitamine’’ was the name created by C. Funk (4) for a growth substance 
needed in small amounts to prevent certain diseases ; the name signified that 
erystals which he prepared from rice polishings behaved like an amine and 
prevented death of pigeons with polyneuritis and of men with beri-beri. 
Most of these ‘‘ vitamine’’ preparations, which came to be called vitamin B, 
contained many substances,' some of which increased the growth of fungi in 
experiments of Bachmann (1), Williams (26), and Willaman (25). Lepesch- 
kin in 1924 reported work he had done in 1916 in which a highly purified 
preparation of vitamin B was used. He observed that it stimulated fermenta- 
tion and growth of one strain of yeast and growth of Penicillium glaucum. 

During the decade ending in 1934, the original vitamin B preparations 
were discovered to contain several vitamins of which the antineuritic vitamin 
(vitamin B,) had the most spectacular action on animals. Some of the in- 
vestigators who were interested in the effects of vitamins on the growth of 
fungi used vitamin B, concentrates; but before much interest could be 
aroused in the relation between vitamin B, and the growth of fungi, it was 
necessary to synthesize the vitamin from compounds of known structure and 
no vitamin-like effect on animals. The modern work with vitamin B, started 
after Windaus and his co-workers (29) had prepared the crystalline natural 
vitamin in sufficient quantity to permit extensive experimentation and after 
Burgeff (3) had demonstrated that it was necessary for the growth of 
Phycomyces nitens and P. blakesleeanus. Schopfer (19), who was working 
with the effect of vitamin B concentrates on Phycomyces blakesleeanus, ob- 
tained striking improvement in growth with vitamin B,, and became in- 
terested in its general importance as a growth substance for fungi. 

Crystalline vitamin B, became available here in 1934 as a result of the 
work of R. R. Williams and his associates (28). In 1936 Williams and Cline 
synthesized the vitamin from its two intermediates, 2-methy]-5-bromomethyl- 
6-amino pyrimidine and 4-methyl-5-B-hydroxyethyl-thiazole.? Robbins and 





* Division of Biology, The University of Rochester, Rochester, N. Y. 
1The vitamin B complex consists of at least 12 members, of which 7 have been 
synthesized and one other has been prepared in crystalline form. 
2 The structures of the two intermediates, which will be designated hereafter simply 
as thiazole and pyrimidine are as follows: 


N—C—NH, N——C—CH, 
lI | | 
CH,—C C—CH,Br HC d on,—cx,on 
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N=CH Ss 
pyrimidine thiazole 
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sartley (12, 13) showed that either vitamin B, or the thiazole intermediate 
was essential for unlimited growth of excised tomato roots. This result sug- 
gested the possibility that Phycomyces blakesleeanus did not respond specifi- 
cally to vitamin B, but to one or both intermediates. Independently and 
simultaneously Schopfer and Jung (21) and Robbins and Kavanagh (14) 
demonstrated that the two intermediates together could be substituted for 
vitamin B, in determining the growth of Phycomyces blakesleeanus. Robbins 
and Kavanagh reported that molecularly equal quantities of the two inter. 
mediates taken together allowed the same extent of growth as the molecularly 
equivalent amount of vitamin B,. 

Robbins (11), Robbins and Kavanagh (15), Leonian and Lilly (6), 
Schopfer (20), and others made surveys of the vitamin B, requirements of a 
large number of fungi and found some that required vitamin B,, some that 
required both intermediates, others that would grow if given only one 
intermediate, and still others that needed no external supply of vitamin B, 
or its intermediates. However, it seems that all living organisms require a 
continuous supply of vitamin B,. The organisms which grow in a medium 
lacking vitamin B, synthesize it from the constituents of the medium (18). 

The structure of the bromide-hydrobromide of vitamin B,, as determined 
by the synthesis of Williams and Cline (27), is as follows: 





N—C—NH.HBr Br 
i | 
CH;—C é_on,- wealiintblinnee 4 _cC_CH, 
| | foes 
N=CH Hc) ©=©6« CCH, —CH.On 
IO 
S 


Williams gave vitamin B, the name ‘‘thiamine’’ to indicate that it is 


‘ 


a sulphur-containing amine. This name is preferable to ‘‘aneurin,’’ used by 


European writers, a name based on its supposed function for mammals. The 


e 


name *‘thiamine’’ is accepted by the American Chemical Society and is used 
generally in the United States. The synthetic commercial thiamine used in 
this paper is the chloride-hydrochloride and contains about four per cent of 
hygroscopic water. 


THE PROBLEM 


Interest has centered for several vears on the effect of thiamine and re- 
lated compounds on the growth of many species of fungi and on the behavior 
of the fungi when the thiamine requirement is or is not fulfilled. The closely 
related problem of what the fungi do to the thiamine has been studied only 
by Bonner and Buchman (2), who reported that Phycomyces blakeslecanus 
destroyed thiamine by liberating the pyrimidine and decomposing the thia- 
zole, or, at least, altering the thiazole until it was ineffective. They presented 
evidence that thiazole was destroyed only when it was part of a thiamine 
molecule. When thiazole and pyrimidine were present in the same culture 
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solution, the actively-growing organism combined them rapidly to form 
thiamine, then destroyed the thiamine, freeing the pyrimidine from which 
thiamine could be formed again until all the thiazole was-used. A pyrimidine 
molecule would thus be used several times when more thiazole than pyrimi- 
dine was supplied. They found also that P. blakesleeanus, when grown in a 
solution containing more thiazole (free and combined) than pyrimidine, 
produced heavier mycelia than when it was grown in a solution in which the 
thiazole and pyrimidine were present in equivalent amounts. This observa- 
tion was contrary to that reported by Robbins and Kavanagh (14), but was 
confirmed later (17). 

The present investigation was designed to determine (1) if pyrimidine 
accumulates and thiazole disappears from a thiamine solution in which P. 
blakesleeanus grows, (2) how Phycomyces affects free thiazole and free 
pyrimidine, (3) how other fungi with different requirements affect thiamine, 
thiazole, and pyrimidine. 

MATERIALS AND METHODS 


To study these problems four organisms with different needs for thiamine 
or its intermediates were selected: Phytophthora cinnamomi (15) which re- 
quires thiamine as such, Phycomyces blakesleeanus (14, 20, 21) which uses 
the two intermediates (together) as satisfactorily as it does thiamine, Mucor 
ramannianus (9) which grows with either thiazole or thiamine, and Sclero- 
tium rolfsti (15) which grows with either pyrimidine or thiamine. All these 
fungi develop well in synthetic solutions containing thiamine or the inter- 
mediate or intermediates functional for each. Phytophthora and Phycomyces 
were used in the studies of Bonner and Buchman; Mucor ramannianus is 
the only fungus known to require only the thiazole portion of the thiamine 
molecule; and Sclerotium rolfsii grows well in nutrient solutions if given 
only the pyrimidine portion of the thiamine molecule. 

The sources of the cultures were as follows: Phytophthora cinnamomi 
Rands from C. M. Tucker; Phycomyces blakesleeanus Burgeff from A. F. 
Blakeslee (this is the plus strain used in the earlier experiments of Robbins 

TABLE 1. Basal solutions 


A E F 








KH.PO, 15 g. 1.5 g. 1.5 g. 
MgSO, : 7H,O 5 g. 0.5 g. 0.5 g. 
Mineral supplements 1 ml. 0.5 ml. 0.5 ml. 
Asparagine 10 g. 10 sg. 10 g. 
C.P. dextrose 100 g. 100g. 100g. 


Water to make 1000 ml. 1000 mi. 2000 mi. 





a H.BO,, 5.7 mg.; CuSO,-5H.O, 18.6 mg.; ammonium molybdate 85 per cent, 3.6 
mg.; gallium sulfate, 6.8 mg.; FeNH,(SO,),-12H,0O, 173 mg.; MnSO,-4H,0, 8.1 mg.; 
ZnSO,-7H.O, 79 mg.; water to make 100 ml. This is a modification of a mineral mixture 
used by Steinberg (22). 
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and Kavanagh) ; Mucor ramannianus Moller from the Centraalbureau voor 
Schimmelcultures at Baarn ; and Sclerotium rolfsii Sace. from C. M. Tucker. 

The basal solutions used for the investigation of the metabolism by the 
four fungi of thiamine and its intermediates were composed of mineral salts, 
sugar, and asparagine. Their composition is given in table 1. 

Although the four fungi grow quite well in solutions supplied with po- 
tassium dihydrogen phosphate and magnesium sulfate of the usual ‘‘ Analyti- 
cal Reagent’’ grade as the only mineral salts, additional micro-elements were 
supplied. The water was once distilled from an electric Stokes still with block 
tin condenser. The sugar was ‘‘C.P. Dextrose’’ from the Corn Products 
Company. The asparagine was purified by reerystallization three times from 
water and/or aqueous alcohol. 

Three lots of each basal solutions were prepared for the study of the 
metabolism of thiamine and its intermediates ; one lot received thiamine only ; 
a second received thiamine and thiazole; and a third lot received thiamine 
and pyrimidine (table 2). By the use of these three types of solutions, it 
was hoped to show the effect of these fungi on thiamine and its intermediates 
as well as the effect of large amounts of free thiazole and free pyrimidine on 
the growth of the four fungi. To solution F, used only with P. cinnamonii, 
large amounts of thiamine were added in place of the large amounts of 
thiazole or pyrimidine used in the experiments with the other fungi. The 
amounts of thiamine, pyrimidine, or thiazole used in the basal solutions given 
in table 1, together with the volumes of solution per flask, are shown in table 
2. 

In previous experiments Robbins and Kavanagh have found that 1 mu- 
mole* of thiamine per flask gives good growth with all these fungi and that 
this amount of thiamine seems to be the limiting factor for their growth in 
these solutions. In order to be sure that thiazole or pyrimidine was present 
in large excess, 115 mymoles* of thiazole or pyrimidine were added to each 
flask containing thiazole or pyrimidine. The vitamin composition of the nu- 
trient solutions is shown in table 2. 

The procedure used in growing the four fungi in the presence of thiamine 


3 The amount of thiamine, thiazole, and pyrimidine is expressed in terms of milli- 
micromoles (myumoles, 10-% gram-moles) per culture flask. In some previous papers the 
millimicromole was referred to as a unit (u.) of thiamine. It seems preferable to omit 
‘*unit’’ from the terminology because of the possibility of confusing it with the other 
four units that have been used to express amounts of vitamin B,. Thiamine and its inter 
mediates are expressed in amounts per culture rather than in amounts per volume of 
liquid, for example per liter, because usually it is the total quantity of thiamine, thiazole, 
or pyrimidine in a solution and not its concentration that is important. 

4 The absolute values for thiamine, thiazole, and pyrimidine may be in error by 10 
per cent because of uncertainty of the water content of the compounds. The relative values 
given in the table are based on determination of the thiazole and pyrimidine by the Phy- 
comyces method, using thiamine as the standard. 
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Nutrient solution . A2 


Thiamine, mumoles/flask 10 
Thiazole, 4 6 

Pyrimidine, ‘‘ we 

ml. solution used per flask 25 2! 2% 2: 2: f 50 50 


or its intermediates was as follows: 25 ml. portions of the nutrient solutions 
(table 2) were placed in 125 ml. Erlenmeyer flasks, plugged with cotton- 
wool, and autoclaved at 110—-112° C for fifteen minutes. Phycomyces and 
Mucor cultures were inoculated with spore suspensions; Phytophthora and 
Sclerotium, with mycelium. The Phycomyces inoculum was prepared by 
placing several mature sporangia in from 10 to 25 ml. of sterile distilled 
water. The Mucor inoculum was prepared by rubbing the surface of a culture 
containing mature spores under a little water and adding this water to from 
10 to 25 ml. of sterile distilled water. One drop of the spore suspension was 
added to each flask from a sterile pipette. Bits of mycelium from Phy- 
tophthora or Sclerotium stock cultures were transferred to a thiamine-free 
solution and allowed to grow from 5 to 7 days to form a nearly vitamin-free 
inoculum for the nutrient solutions. Small bits of the nearly vitamin-free 
mycelium were transferred to the culture flasks. 

The flasks, after inoculation with the appropriate fungus, were placed on 
one shelf of a darkened incubator which maintained the temperature of the 
solutions between 24° and 25° C. The fungi were grown the desired length 
of time, removed from the flasks, washed with distilled water to remove 
salts and sugar, and dried in aluminum pans at 105° C for at least twelve 
hours. The dried mycelium was allowed to stand at room temperature until 
it reached equilibrium with atmospheric moisture,’ and was weighed to the 
nearest milligram. The medium and wash water were combined and diluted 
to a standard volume, aliquots of which were analyzed for thiazole and 
pyrimidine. Single cultures were analyzed in the A series, duplicate cultures 
in the E series, and quadruplicate cultures in the F series. 

The amounts of thiazole and pyrimidine in the solutions were so small 
that a biological method of assay was necessary; no chemical method of 
sufficient sensitivity was available. Phycomyces seemed to be the best of 
several fungi that could be used to determine thiazole and pyrimidine. 

The method of assay for thiazole was as follows: A series of flasks con- 
taining an analyzing solution® and known amounts of thiazole (from 0.125 


5 The oven-dried mycelium after attaining equilibrium with an atmosphere of 50 per 
cent humidity increased about 3 per cent in weight. 

6 The analyzing solution was made with the following amounts of nutrients per flask: 
KH,PO, 37.5 mg., MgSO,-7H.O 12.5 mg., mineral supplements 0.0125 ml., ammonium 
glutamate 200 mg., dextrose 2500 mg., thiazole (or pyrimidine) 115 myumoles. Ammonium 
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to 2 mumoles per flask) with a considerable excess of pyrimidine (115 mup- 
moles per flask) was prepared in quadruplicate, sterilized and inoculated 
with Phycomyces blakesleeanus. The inoculated flasks were placed in a dark 
incubator at 25° C. The dry weight of the mycelium was determined after 
from 9 to 15 days of growth. A standard curve was constructed by plotting 
on log-log coordinate paper the average dry weight of a mycelium as ordinate 
and the amount of thiazole which was put into the flask as abscissa (fig. 13). 
This curve showed the dry weight produced by Phycomyces with different 
and known amounts of thiazole in the presence of an excess of pyrimidine 
under the conditions of the experiment. At the same time, aliquots of the 
solutions to be analyzed were added to the analyzing solution to which the 
same excess of pyrimidine (115 mumoles per flask) that was used in pre- 
paring the standard curve had been added. Duplicate aliquots of each solu- 
tion were used in each analysis for thiazole. The aliquots were selected to 
represent either half the contents of one flask or between 0.5 and 2 myumoles 








of the intermediate being determined. In the E series of solutions, the con- 
tents of two flasks were combined and diluted to 100 ml. The largest aliquot 
taken was 25 ml., which represented one-half the contents of one flask. In 
the E1 series of solutions, two 25 ml. aliquots were used for determining 
thiazole and two 25 ml. aliquots were used for determining pyrimidine. In 
the E 2 series, two 25 ml. aliquots were used for determining pyrimidine 
and several pairs of aliquots which ranged from 0.5 ml. to 10 ml. for de- 
termining thiazole. In the E3 series, two 25 ml. aliquots were used for 























determining thiazole and several pairs of aliquots which ranged from 0.5 to 
10 ml. for determining pyrimidine. 

The cultures were inoculated with P. blakesleeanus. From the dry weights 
obtained the quantity of thiazole in the aliquot was read from the standard 
eurve (fig. 13). This quantity was the total functional thiazole (free thiazole 
as well as thiazole in thiamine, cocarboxylase, and other forms) present in 
the aliquot. A similar procedure was followed in assaying for total pyrimi- 
dine except that the standard curve was constructed from dry weights ob- 


tained with known amounts of pyrimidine in the presence of a large excess 


glutamate was used as the nitrogen source in place of asparagine, the supply of which was 
temporarily limited. The growth of Phycomyces in the analyzing solution was not limited 
by the amounts of salts, sugar or nitrogen. This solution could give growth of Phycomyces 
twice as large as any obtained in the assays. The sugar, minerals and asparagine added 
in the aliquots were considered not to influence the growth of Phycomyces in the analyzing 
solutions. In these analyses an aliquot was selected such that the growth of Phycomyces 
was limited by the amount of thiazole or the pyrimidine in the aliquot to less than one 
third that which could be obtained in the presence of a large amount of thiamine. After 
the aliquots of the solutions in which the four fungi grew and the analyzing solutions 
were put into the flasks, distilled water was added, where necessary, to make the volume 
of liquid the same in all flasks (including the standards). Total volumes of 35, 40, and 
50 ml. (in 125-ml. Erlenmeyer flasks) were used. 
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of thiazole (115 mumoles per flask) and the aliquots of the solution to be 
analyzed were added to the analyzing solution containing a large excess of 
thiazole (115 mymoles per flask). 

Each assay for thiazole and pyrimidine required the construction of a 
standard curve from cultures grown for the same time and under the same 
conditions as the cultures concerned in the assay of the unknown amounts of 
thiazole and pyrimidine. This was necessary because the temperature of in- 
cubation was not entirely constant, the period of growth could not be exactly 
controlled, and other conditions varied somewhat. 

The following example shows the application of the method to solution 

12 in which P. cinnamomi had grown for 21 days. One-half the medium 
from one flask in which Phytophthora had grown was added to the analyzing 
solution containing 115 mumoles of thiazole. The dry weight of Phycomyces 
mycelium produced in this solution was 58 mg., which lies at 0.15 mymole 
on the pyrimidine calibration shown in figure 13. Since the aliquot was one- 
half, the amount of pyrimidine in the medium was 0.30 mumole. Thiazole 
was determined in an aliquot that was 1/50 of the medium from one flask. 
The weight of Phycomyces mycelium was 211 mg., which lies on the thiazole 
curve at 2.35 mumoles. This value was multiplied by 50 to find the amount 
of thiazole in the medium, 118 mumoles. 

The determination of thiazole and pyrimidine was several times more 
accurate in the E and F series of solutions than in the A series because the 
larger volume of medium available made possible the use of larger aliquots 
and more of them. In the E and F series the absolute error in a determination 
of thiazole or pyrimidine caused by inaccuracy in weights of both the 
standard and the assay mats of mycelium of Phycomyces was estimated to be 
0.2 mumole for amounts less than 1 mymole and between 10 and 20 per cent 
for larger amounts. 

The mycelia usually were not analyzed since the work of Bonner and 
Buchman had indicated that little thiamine or free thiazole occurred in the 
mycelia of Phycomyces as old as five days. However, the amounts of thiazole 
and pyrimidine contained in mycelia were determined in three series of solu- 
tion E and in all series of solution F as follows: A mycelium was removed 
from a flask, washed with water, boiled with 25 ml. of 1 per cent hydrochloric 
acid, allowed to stand for three days, then removed from the hydrochloric 
acid. The acid solution was neutralized with sodium hydroxide and aliquots 
were analyzed. Treatment of the mycelium after the first acid extraction 
with an acid solution of pepsin (10) released imsignificant amounts of 
thiazole or pyrimidine. Apparently the extractable thiazole and pyrimidine 
were removed by the first treatment. 

The validity of the assays depends upon the absence from the solution 
analyzed of substances other than thiamine and its intermediates which 
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would affect the 9-15-day growth of Phycomyces. No evidence was found 
that the four fungi produced substances that increased or decreased the 
response of Phycomyces to thiamine or its intermediates. When an aliquot 
was doubled, the growth of Phycomyces indicated that twice as much thiazole 
or pyrimidine was present. When a small amount of thiamine was added to 
an aliquot, the growth of Phycomyces was that expected. All of the experi- 
mental evidence indicates that the response of organisms to thiamine, 
thiazole, and pyrimidine is highly specific for the chemical structure of these 
substances (18). 
EXPERIMENTS 
1. PHYTOPHTHORA CINNAMOMI 


Phytophthora cinnamomi was grown in solutions A and E for 31 days and 
in solution F for 40 days. The solutions (and the mycelium in series F) were 
analyzed at intervals for thiazole and pyrimidine. In the A series of solu- 
tions 21 flasks, in the E series 18 sets of flasks, and in the F series 15 sets 
of solutions and mycelia were analyzed. 

The results are given in the form of curves (figs. 1-6) which show the dry 
weight of the fungus, the amount of thiazole and pyrimidine found in the 
medium at the end of each growth period, and, for solution F, the amount of 
thiazole and pyrimidine found in the mycelium. The results of all the experi- 
ments appeared to be consistent. Curves are presented for the E series be- 
cause these analyses are considered to be more accurate than for the A 
series, 

Effect of Thiamine and Its Intermediates on Growth of Phytophthora. 
Phytophthora did not grow in any of the basal solutions used in this work 
unless thiamine was added. The optimum amount of thiamine was greater 
than 1 and not more than 10 mumoles per flask. Growth, as measured by 
increase in dry weight of mycelium, continued for 40 days in the F solutions. 
It had nearly ceased in the flasks containing 1 mymole of thiamine but was 
still fairly rapid in those containing 10 and 100 myumoles. The growth curves 
for the A and E series had similar shapes. A maximum dry weight was at- 
tained by the 13th day ; this was followed by a slow decrease in weight as the 
mycelium aged. Growth in the solutions containing thiazole or pyrimidine in 
addition to the thiamine did not differ from that in the thiamine solutions. 

Growth nearly doubled when the nutrient solution was diluted with an 
equal quantity of water. From these results it appears that the efficiency of 
utilization of thiamine by P. cinnamomi is influenced by the concentration of 
the nutrient solution. 


Residual Intermediates in the Culture Solutions. The analyses showed 
that the thiazole and pyrimidine remaining at any time in the thiamine solu- 
tions were present in equal amounts. In the F solutions the amounts of 
thiazole and pyrimidine remaining after the tenth day were between 20 and 
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30 per cent of the thiamine added. In the thiamine solutions of the E series, 
the thiazole and pyrimidine remaining after the fifth day was about 15 per 
cent of the thiamine originally added. In the thiamine plus thiazole solution 
about 15 per cent of the pyrimidine and in the thiamine plus pyrimidine 
about 10 per cent of the thiazole remained after the fifth day of growth. Not 
enough of the intermediates added to the thiamine solutions disappeared to 
be detected by the method of analysis. These analyses of the solution in which 
Phytophthora had grown show that the amount of residual thiazole or 
pyrimidine in the solution was not affected by the presence in the solution of 
a large amount of the other intermediate. Thiazole and pyrimidine appear to 
be inert substances for Phytophthora. The presence in these solutions of 
amounts of residual intermediates varying from 10 to 30 per cent (from 0.1 
to 30 mumoles per flask) of the thiamine put in is best explained by assuming 
that the stock thiamine solutions contained thiazole and pyrimidine in addi- 
tion to thiamine.’ It does not seem probable that so large a percentage (and 
in some series so large an absolute amount) of the thiamine originally 
present in the solution would not have been absorbed. The thiazole and 
pyrimidine in the stock solution of thiamine were probably formed by 
hydrolysis of the thiamine. That different stock thiamine solutions were used 
in making the E and F series may account for the different residual amounts 
of thiazole and pyrimidine found in these solutions. 


Thiamine Found in the Mycelium. Mycelium grown in thiamine solu- 
tions contained thiazole and pyrimidine in equal amounts (figs. 4, 5, 6). The 
amounts of thiazole and pyrimidine found in the mycelium increased rapidly 
in the young mycelium, reached a maximum on about the tenth day, then 
decreased as the mycelium grew. The concentration’ of the thiazole and 
pyrimidine in some cultures was found to be as much as 300 times as high in 
the mycelium as in the solution. 

The mycelium had accumulated 40 mumoles of intermediates from the 
100 mumole thiamine solution by the tenth day (fig. 6). During the next 
thirty days the intermediates in the mycelium decreased to 10 myumoles but 
did not increase in the solution. The use of thiamine by Phytophthora did 
not result in excretion of either thiazole or pyrimidine into the medium. 
Growth was made at the expense of the accumulated intermediates. A rather 
large amount of intermediates (30 mumoles of each) was left in the solution. 
Thiazole and pyrimidine were accumulated in large amounts by the 
mycelium only from the thiamine solutions and not from the solutions con- 
taining free thiazole or free pyrimidine. 

7It is to be remembered that the method of assay determines the total functional 
amount of an intermediate and does not indicate how much is free and how much is 
present as thiamine. 





8 The volume in milliliters of the mycelium was estimated to be five times the dry 
weight in grams since the density of protoplasm is near 1 and the dry weight of a 
mycelium is approximately 20 per cent of the wet weight. 
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It is believed that these results can best be explained by assuming that 
the intermediates found in the mycelium were present primarily in the form 
of thiamine. This would explain the appearance and disappearance in the 
mycelium of equimolecular amounts of thiazole and pyrimidine. The presence 
in the medium of the large amount of residual intermediates can still be 
explained by the assumption that the intermediates were present as thiazole 
and pyrimidine which are inert substances for Phytophthora until combined 
to form thiamine. 

In the further discussions of the interrelation between thiamine and P. 
cinnamomi, the assumptions will be made that the fungus affects only 
thiamine and that the intermediates determined in the mycelium exist there 
mainly as thiamine. 


Interpretation of Results. Young, rapidly growing mycelium of 
Phytophthora absorbed the thiamine from the medium, stored it, and used 
it for further growth. The mycelium did not release to the medium either 
thiazole or pyrimidine, as was shown by the constant value of the residual 
intermediates in a solution. That the mycelium did not absorb the free 
thiazole and free pyrimidine in the solutions was indicated by the presence 
of residual intermediates in the thiamine solutions and by the analyses of 
the solutions containing large amounts of free thiazole or free pyrimidine. 


2. PHYCOMYCES BLAKESLEEANUS 
Phycomyces blakesleeanus was grown in solutions of series A for 17 days 
and in solutions of series E for 31 days. In series A, 36 solutions, in series E, 
18 sets of solutions and 6 mycelial mats were analyzed for thiazole and 
pyrimidine. The dry weights of mycelia and the analyses of solutions of the 
E series are shown in figures 7, 8, and 9. 


Effect of Thiamine and Intermediates on Growth of P. blakesleeanus. 
Phycomyces grew rapidly in the nutrient solutions containing thiamine or 
both intermediates. It responded to as little as 0.01 myumole of thiamine or 
intermediates. The optimum amounts for the solutions used in this work 
were about 10 mumoles per flask. The relation between the amount of 
thiamine or intermediates (in equimolecular amounts) per flask and the dry 
weight at the end of fifteen days of growth is given by the line marked T 
in figure 13. 

Growth of Phycomyces as measured by increase in dry weight occurred 
in two periods. The first period was from the time of inoculation to the time 
of the first maximum dry weight which occurred between the fifth and ninth 
days. After this maximum there was a decrease in dry weight until the 
second period of growth, which extended from about the twelfth day to the 
seventeenth day, when a second maximum appeared in the growth curve. 
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When Phycomyces was grown in solutions containing thiamine and a large 
amount of pyrimidine, the pyrimidine did not affect the growth. Phycomyces 
grown in solutions containing thiazole in addition to thiamine reached a 
larger maximum dry weight than in the thiamine solutions. The increase in 
dry weight resulting from the addition of thiazole to a thiamine solution in- 
creased with increasing amounts of thiazole until about ten times as much 
thiazole as thiamine was added, beyond which additional thiazole had no 
effect. The curve marked P in figure 13 shows the relation between the dry 
weight produced by Phycomyces grown for fifteen days in the presence of a 
large excess of thiazole and the amount of pyrimidine put into the solution. 
The maximum dry weight produced in the presence of a large excess of 
thiazole was between 1.5 and 3 times as much as that produced in the absence 
of excess thiazole. From these results it is clear that the ratio of thiazole to 
pyrimidine in the analyzing solutions (never less than 50 to 1) was always 
large enough to obtain maximum growth. 


Intermediates in Culture Solutions. The amount of thiazole in the 
thiamine solution was very small during most of the experimental period. 
The amount of pyrimidine in the thiamine solution had reached its lowest 
value by the fifth day and then increased steadily during the rest of the ex- 
periment. Less thiazole than pyrimidine was left in a thiamine solution after 
Phycomyces had grown in it. In the thiamine plus excess pyrimidine solu- 
tion (fig. 9), the amount of pyrimidine did not change by a detectable 
amount; the amount of thiazole reached a low value by the fifth day and 
then did not change very much. In the thiamine plus thiazole solutions 
(fig. 8), the amount of pyrimidine was relatively constant after the fifth day 
and was less than the amounts found in the thiamine solutions on the 
corresponding day. The amount of thiazole decreased rapidly and had 
reached a constant value by the thirteenth day. 


Intermediates in the Mycelium. Very little thiazole was found in the 
mycelia grown in the thiamine and the thiamine plus pyrimidine solutions. 
A small amount of thiazole was found in the mycelia grown in the thiamine 
plus excess thiazole solutions (table 3). Analyses of mycelia grown in thi- 
amine plus thiazole and in thiamine plus pyrimidine solutions showed that 
the intermediate present in the medium in the larger amount was also present 
in the mycelium in the larger amount and that the concentrations in solution 
and mycelium were approximately equal, indicating that the mycelium of 
Phycomyces did not accumulate either thiazole or pyrimidine. 


Loss of Thiazole from the Medium. By the fifth day of growth, the 
dry weights of mycelium produced in the three solutions were nearly the 
same; and the amount of thiazole missing from the thiamine plus thiazole 
solution was 75 times as great as that missing from either of the other solu- 
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FIG. 8 
P.BLAKESLEE ANUS 
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FIG. 7 
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FIG. 9 FIG. 10 
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FIG. 11 FIG. 12 
M.RAMANNIANUS M. RAMANNIANUS 
SOLN. | THIAMINE + 115 THIAZOLE SOLN. | THIAMINE + 115 PYRIMIDINE 


Fies. 7-9. Phycomyces blakesleeanus, analysis of solutions E. Fie@s. 10-12. Mucor 


ramannianus, analysis of solutions E. DW, dry weight of mycelium; T, thiazole; P, 


pyrimidine. 
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tions. In the same time and with the same growth, either ] mumole or 75 
mumoles of thiazole could disappear from the medium and not appear in the 
mycelium. The 75 mumoles of missing thiazole could not have been removed 
as a pyrimidine-containine compound because only enough pyrimidine oe- 
curred in the medium to combine with 1 mumole of thiazole. The removal of 
the large amount of thiazole would seem not to be related to the growth made 
by the fungus. The thiazole may have been destroyed, it may have been used 
as a source of organic sulfur, or it may have been combined in a form that 
was not determined by the method of analysis. 


Interpretation of Results. The young and rapidly growing mycelium 
of Phycomyces absorbed the thiamine from the medium and used it during 
growth. Pyrimidine but not thiazole accumulated in the solution. As a con- 
sequence of the presence of the mycelium of Phycomyces, thiamine was split 
into pyrimidine and thiazole, the thiazole disappeared from the solution and 
mycelium, and pyrimidine accumulated in the solution. If thiazole was pres- 
ent in addition to thiamine, the Phycomyces grew somewhat better than it 
did in the absence of excess thiazole, much of the excess thiazole disappeared 
from both medium and mycelium, and pyrimidine did not accumulate in the 
medium. Phycomyces grew in the thiamine plus pyrimidine solution as it 
did in the thiamine solution in the absence of excess pyrimidine, and did not 
affect the pyrimidine. 

3. MUcCOR RAMANNIANUS 


Mucor ramannianus Was grown in solutions of the A and E series for 3] 
days. In the A series, 21 solutions, in the E series 18 Sets of solution were 
analyzed for thiazole and Pyrimidine. The results of the 


analyses made on 
solutions of the E series and the dry weig 


ht of the mycelia produced in the 
solutions are given in figures 10, 11, and 12. 


Effect of Thiamine and Intermediates on Growth of Mucor. The dry 
weight of mycelium produced in the solutions containing thiamine and 
thiamine plus excess Pyrimidine were the same; they reached a maximum 
between the twelfth and eighteenth days and then decreased slowly. In the 
solutions which received a large amount of thiazole in addition to thiamine. 
growth increased with time and had not approached a limit when the experi- 
ments were terminated at the end of thirty-one days. Growth was about five 
times as great in this solution as in the ones without extra thiazole. Growth 
was better in the E solutions containing thiamine or thiamine and pyrimi- 
dine than in the corresponding A solutions but was much better in the A 
solution containing the large amount of thiazole than it was in the corre- 
sponding solution of the E series. Since the A solution contained ten times 
as much potassium dihydrogen phosphate and magnesium sulfate and twice 
as much mineral supplements as the E solution, growth in the E solution 
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containing the excess thiazole might have been limited by the amount of 
minerals. 

Intermediates in the Culture Solutions. The amount of thiazole in a 
thiamine solution in which Mucor had grown decreased with increase in the 
time of growth but did not go much below one-half that originally present 
(fig. 10). The same was true of the thiazole in the thiamine solution to which 
pyrimidine was added (fig. 12). The presence of a large excess of pyrimidine 
in the solution did not affect the final amount of thiazole in the solution if 
the solution originally contained little thiazole. 
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Fic. 13. Relation between the fifteen-day growth of Phycomyces blakesleeanus at 
25° C. and the amount of intermediate in one flask of the analyzing solution used for 
determining thiazole, T, and pyrimidine, P. 

Since pyrimidine increased in all the solutions in which Mucor grew, M. 
ramannianus must have synthesized pyrimidine. In fact Mucor synthesized 
up to nine times as much pyrimidine as was put into the solutions as thi- 
amine. This ability to synthesize pyrimidine explains why Mucor grew in 
nutrient solutions provided with only the thiazole portion of the thiamine 
molecule. The amount of pyrimidine synthesized may be far in excess of the 
amount needed to form thiamine with the thiazole present. 


Loss of Thiazole from Nutrient Solutions. A rather large decrease in 
the amount of thiazole occurred in the solutions which originally contained 
115 mumoles of thiazole (fig. 11). The thiazole not accounted for was several 
times that needed to combine with the pyrimidine found in the solution. 
Possibly the missing thiazole was combined with pyrimidine and the thiamine 
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thus formed was absorbed by the mycelium. If this was true, the analyses 
gave only the pyrimidine not combined with thiazole and did not indicate 
the total amount of pyrimidine synthesized. However, the missing thiazole 
may represent thiazole destroyed or thiazole used as a source of organic 
sulfur (23). 


Interpretations of Results. Mucor ramannianus in a thiamine solution 
absorbs a small amount of thiamine, grows slowly, and synthesizes pyrimi- 
dine. The amount of pyrimidine synthesized may be much larger than can be 
combined with the thiazole present. Excess pyrimidine in the thiamine solu- 
tion does not affect growth or the synthesis of pyrimidine. Mucor growing in 
a solution containing a large amount of thiazole grows very well, synthesizes 
pyrimidine, and removes thiazole from the solution in quantities larger than 
needed to combine with the pyrimidine synthesized. However, the amount of 
pyrimidine synthesized was approximately proportional to the dry weight. 


4. SCLEROTIUM ROLFSII 


Sclerotium rolfsii was grown in the A and E series of solutions for 31 
days. The solutions were analyzed at intervals for thiazole and pyrimidine. 
Twenty-one flasks of solution A and 18 sets of solutions in the E series were 
analyzed. The dry weights of the mycelia and the results of the analyses of 
the E series are shown in figures 14, 15, and 16. The A and E series of 
solutions gave similar results. 


FIG. 14 FIG. 15 FIG. 16 
S.ROLF Sil S.ROLF Sit S.ROLF Si 


SOLN. | THIAMINE SOLN. | THIAMINE + 1/5 THIAZOLE SOLN |! THIAMINE + 1/5 PYRIMIDINE 
po 


}20 














Fies. 14-16, Sclerotium rolfsii, analysis of solutions E. DW, dry weight; T, thiazole; 
P, pyrimidine. 

Effect of Thiamine and Intermediates on Growth. S. rolfsii grew very 
well in the thiamine solutions. It produced almost six times as much dry 
matter in the thiamine solution in 31 days as either Phycomyces or 
Phytophthora grown in similar solutions. The growth in the thiamine plus 
thiazole solution was somewhat better than that in the thiamine solutions. 
Growth in the thiamine solution to which a large amount of pyrimidine was 
added was much greater than the growth in thiamine solution. This was ex- 
pected because Sclerotium grew if given the pyrimidine portion of the thi- 
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amine molecule. The maximum dry weight produced in the solution contain- 
ing pyrimidine was nearly one-half the weight of sugar put into the solution. 
Little growth occurred after the 17th day. The growth in the solutions 
containing thiamine or thiamine plus thiazole seemed to be limited by some 
factor not sugar, minerals, or nitrogen. 


Intermediates in Culture Solutions. The analyses of the thiamine solu- 
tions (fig. 14) showed that pyrimidine had decreased by 80 per cent by the 
7th day and was not present on the 3lst day of growth. The thiazole in- 
creased rapidly after the 7th day of growth until by the 31st day 26 times as 
much thiazole occurred in the solution as was put into it. Sclerotium rolfsii 
synthesized thiazole. The amount of pyrimidine in the thiamine plus thiazole 
solution (fig. 15) followed much the same course that it did in the thiamine 
solution. The amount of thiazole decreased during the period of rapid growth 
(to the 17th day) and then remained unchanged at about 50 per cent (55 
mumoles) of the thiazole put in. 

The amount of thiazole in the thiamine plus pyrimidine solutions had 
decreased by the fifth day of growth to about 20 per cent (0.2 mymole per 
flask) of the amount put in as thiamine and remained near that value during 
the next 26 days. Thiazole was found in the solution at all times. The amount 
of pyrimidine decreased throughout the growth period. About 30 per cent of 
the pyrimidine was in the solution when the experiment was terminated. 
The analyses indicated that growth in the thiamine plus pyrimidine solution 
was not stopped by lack of thiazole or pyrimidine. 


Intermediates in the Mycelium. Thiazole and pyrimidine were de- 
termined in mycelia grown in thiamine and in thiamine plus thiazole solu- 
tions (table 3). The intermediate present in the solution in the larger amount 
was present in the mycelium in the larger amount. It was estimated from the 
relative volumes of mycelium and solution that the concentration of thiazole 
in the mycelium was the same as in the solution. The thiazole missing from 
the thiamine plus thiazole solution was not in the mycelium, at least not in 
a form removed by the methods used in this work. 


Loss of Thiazole and Pyrimidine. About half the thiazole put into the 
thiamine plus thiazole was lost. The loss (55 mymoles) was rather large 
and only two per cent of it could possibly be thiazole removed from the 
solution as thiamine or other compounds containing thiazole and pyrimidine 
in equimolecular amounts. The thiazole may have been destroyed without 
functioning in metabolism. Presumably thiazole was synthesized in all solu- 
tions even though in two of the solutions, the amount of thiazole decreased 
with increase in growth. 

About 75 per cent (80 mumoles) of the pyrimidine was lost from the 
solution which contained the thiamine plus pyrimidine. Although no ap- 
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parent synthesis of thiazole occurred in this solution, the dry weight of the 
mycelium indicated that synthesis of thiazole had taken place. Hence the 
pyrimidine could have been removed as a thiazole-containing compound. 


Interpretation of Results. 8S. rolfsii grown in a solution containing 
a small amount of thiamine removed it fairly rapidly and synthesized 
thiazole which accumulated in large amounts in the solution. Sclerotium 
grown in a solution containing a large amount of pyrimidine combined it 
with the thiazole (synthesized by the fungus) to form thiamine which 
functioned in the metabolism of the fungus. When Sclerotium was grown in 
a solution containing a large amount of thiazole and a small amount of 
pyrimidine, the pyrimidine eventually disappeared from the solution but 
only half of the thiazole could be accounted for. 

TABLE 3. The amount of thiazole and pyrimidine in mymoles recovered from the 


mycelia of Phycomyces and Sclerotium and in the culture solutions in which these mycelia 
had grown for 17 and 31 days 


_— 17 days 31 days 
Fungus Solution satiate 
p Mycelium Medium Mycelium Medium 
El thiazole 0.00 0.00 0.06 0.50 
: pyrimidine 0.26 0.40 0.08 0.70 
. thiazole 0.76 15 1.04 15 
Phycomyces E2 tee eB : ~~ 
tae atte pyrimidine 0.26 0.08 0.16 0.12 
E3 thiazole 0.00 0.00 0.09 0.07 
ai pyrimidine 8.6 135 2.60 120 
El thiazole 2.20 12.5 
Seleratt ° pyrimidine 0.44 0.16 
scterottum 
Eo thiazole 4.40 56 
. pyrimidine 0.36 0.12 


DISCUSSION 


Thiamine disappears from nutrient solutions in which certain fungi 
grow and is not completely recoverable from the mycelium; the thiazole 
portion of the thiamine molecule may be destroyed by some of these organ- 
isms. Several explanations for these observations are suggested in the follow- 
ing discussion. 

All organisms that have been studied either make thiamine or require an 
external source of it or its intermediates ; hence, it may be inferred that they 
have a carboxylase system. Thiamine as such or as cocarboxylase may be 
tightly bound by proteins in the mycelium and not removed by the method 
of extraction used. The pyrophosphate of thiamine, cocarboxylase, in con- 
junction with a protein forms carboxylase, an enzyme which decarboxylates 
pyruvic acid. That cocarboxylase and the protein are very firmly bound was 
shown by Horowitz and Heegaard (5) for pea root carboxylase and by 
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Westenbrink, Willebrands and Kamminga (24) for yeast carboxylase. 
Horowitz and Heegaard found that even denaturation of the protein by 
boiling it did not release all the cocarboxylase. Other proteins which bind 
cocarboxylase or thiamine to form nonfunctional (not carboxylase) systems 
have been demonstrated in certain yeasts (8) and in carp (30). From these 
results it is to be expected that part of the thiamine not found in the solution 
and mycelium was actually in the mycelium firmly bound to protein. Possibly 
the thiamine (about haif of that put into the solution) which was neither in 
the solution in which Phytophthora grew nor extracted from the mycelium 
was bound to protein. Since no evidence for the destruction of pyrimidine by 
Phycomyces and Sclerotium was found, the pyrimidine missing from the 
solution and not recovered from the mycelium (table 3) could have repre- 
sented bound thiamine. Furthermore, although thiazole was synthesized by 
Sclerotium growing in the thiamine-plus-pyrimidine solution, it did not ae- 
cumulate in the solution; and at the same time 80 mumoles of pyrimidine 
disappeared from the solution; the thiazole and pyrimidine which were not 
in the medium could have been in the mycelium as thiamine or cocarboxylase 
bound to protein. Mucor ramannianus did not appear to destroy thiazole but 
what was removed from the solution containing 115 mymoles of thiazole 
could have been coupled with pyrimidine synthesized by the fungus and 
removed as thiamine bound to protein. At least part of the bound co- 
carboxylase may be used in the normal metabolism of the fungus. It seems 
probable that fungi contain carboxylase and remove thiamine from the 
solution in the same way as do pea roots and yeast. 

Another way by which thiazole and pyrimidine could have been removed 
from the solution in equimolecular amounts is by the formation of a com- 
pound inactive toward Phycomyces, such as thiochrome. Thiochrome occurs 
in yeasts and might be formed from thiamine by other fungi. 

Thiamine which has been hydrolyzed into thiazole and pyrimidine is 
thiamine destroyed so far as its usefulness to Phytophthora cinnamomi or 
any other organism which cannot synthesize thiamine from the intermediates 
is concerned. The large residual equimolecular amounts of thiazole and 
pyrimidine in the thiamine solutions in which Phytophthora grew probably 
represented hydrolyzed thiamine. The thiamine apparently was not split 
into thiazole and pyrimidine by the fungus but was partially hydrolyzed 
during the preparation of the culture medium. 

A method of inactivating thiazole suggests itself. Phycomyces, Mucor, 
and Sclerotium possess an enzyme which forms a quaternary ammonium salt 
of thiazole with pyrimidine, namely thiamine. If the enzyme can function 
with a compound not pyrimidine, then quaternary ammouium salts of 
thiazole other than thiamine can be formed. Such compounds, if they were 
as stable as the methiodide of thiazole (18), would be inactive in the growth 
of Phycomyces; and the thiazole in them would be considered to be destroyed. 
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Bonner and Buchman (2) have shown that Phycomyces blakesleeanus 
growing in a thiamine solution inactivated the thiazole and released fune- 
tional pyrimidine. The inactivation occurred only when the thiazole was 
coupled to pyrimidine to form the quaternary ammonium salt, thiamine. 
They concluded that the inactivation of thiazole resulted from the opening 
of the quaternary thiazole ring adjacent to the 2-position. Destruction of the 
quaternary ammonium salt accompanied the destruction of the thiazole ring 
and released functional pyrimidine. A compound inactive toward Phycomy- 
ces was derived from the thiazole. Of the three fungi which synthesized 
thiamine from thiazole and pyrimidine, Sclerotium and Phycomyces de- 
stroyed thiazole but only Phycomyces quickly destroyed small amounts of 
thiazole. Sclerotium synthesized thiazole which did not always accumulate 
in the solution. The thiazole in the solutions which contained thiamine plus 
excess thiazole decreased to about one-half of the original amount. The 
missing thiazole could not have been removed as a pyrimidine-containing 
compound; there was not nearly enough pyrimidine. It could have been 
destroyed by opening of the thiazole ring. The results for the thiamine and 
thiamine-plus-thiazole solutions in which Sclerotium grew can be explained 
by assuming that the fungus synthesizes and destroys thiazole and that the 
rates are equal when there are about 60 myumoles of thiazole in the medium. 
Destruction of thiazole is apparent when more than 60 mymoles of thiazole 
are present per culture. It should be remembered that the concentration of 
thiazole in the mycelium and not the amount in the medium would regulate 
the rates of synthesis and destruction. 

Phytophthora cinnamomi did not synthesize thiamine from the inter- 
mediates or destroy thiazole, although Bonner and Buchman (2, footnote 
10) seemed to believe that Phytophthora destroyed thiamine in the same way 
as Phycomyces does. They say: ‘‘Preliminary experiments with Phy- 
tophthora indicate that this organism (which cannot combine thiazole with 
pyrimidine) also destroys vitamin with liberation of pyrimidine but does 
not attack uncombined thiazole.’’ They believed that pyrimidine accumu- 
lated in the solutions in which the Phytophthora grew. The accumulation of 
pyrimidine reported by them may have been more apparent than real be- 
cause their method of using Phycomyces to determine pyrimidine neglected 
the effect of excess thiazole on the growth of Phycomyces and gave values 
for pyrimidine that were from two to three times as high as they would 
have been by the methods used in this investigation. 

If the destruction of thiazole resulted from the use of thiamine in enzyme 
systems in the protoplasm, other organisms would be expected to destroy it 
as Phycomyces does. Since Phytophthora (and possibly Mucor) did not 
destroy thiazole, it would appear that the use of thiamine in its fundamental 
role as a part of the enzyme system of an organism differs from the process 
by which thiazole is destroyed by an organism like Phycomyces. This indi- 
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cates that the mechanisms by which thiamine functions in the life processes 
of Phytophthora are distinct from the mechanisms by which thiazole is 
destroyed by Phycomyces. It is of particular interest to note that, of the 
organisms studied, two of those which synthesize thiamine from thiazole and 
pyrimidine, namely, Phycomyces and Sclerotium, destroyed thiazole and the 
one, Phytophthora, which cannot synthesize thiamine from its intermediates 
did not destroy thiazole. This suggests that the mechanism of destruction of 
thiazole may be closely related to the synthesis of thiamine from the inter- 
mediates. 

Two enzyme systems in Phycomyces seem to compete for thiamine: 
carboxylase and the enzyme responsible for the destruction of thiazole. 
When the growth of Phycomyces is limited only by the amount of ear- 
boxylase that can be formed, destruction of thiamine results in reduced 
growth. Phycomyces grows better if thiazole is added to thiamine because 
the thiazole is combined with pyrimidine, which is an end product of the 
destruction of thiamine, to form more thiamine so that the effective amount 
of thiamine is greater than the amount originally present (2). The amount 
of growth obtained in the presence of added thiazole is limited to that ob- 
tained when all the pyrimidine has been linked as cocarboxylase to a protein 
to form carboxylase. The analyses indicate that in solutions containing small 
amounts of thiamine about one-half of it is destroyed by Phycomyces. It 
seems possible that Phycomyces could be placed at unfavorable temperatures 
at which growth would be reduced or stopped but at which destruction of 
thiamine might continue. 

Mucor ramannianus, in contrast to Phytophthora and Phycomyces, can 
meet its thiamine requirements if it is given thiazole because it makes 
pyrimidine and couples the two intermediates to form thiamine. Whether 
or not Mucor destroys thiazole as Phycomyces does was not demonstrated 
by the methods used. Sclerotium rolfsui differs from the other three fungi in 
its ability to synthesize thiazole but is like Phycomyces in its ability to 
destroy it. 

The four fungi differed greatly in their response to 1 mumole of thiamine ; 
they gave maximum dry weights ranging from 40 to 1240 mg. Does this 
mean that different organisms have greatly different ratios of carboxylase 
to living protoplasm? Or does it mean that in one organism the cocarboxylase 
is firmly bound to its protein while in another as the old parts of the 
mycelium die the cocarboxylase is released and can be used to form new 
protoplasm? Another possibility is that organic substances, in addition to 
thiamine, limit the growth, though the influence of different amounts of 
mineral elements must not be overlooked (16). The effect of the concentra- 
tion of minerals on mobility of cocarboxylase and destruction of thiamine 
is worth investigating. 
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SUMMARY AND CONCLUSIONS 


1. Phycomyces blakesleeanus destroyed thiamine with the liberation of 
pyrimidine and destroyed thiazole. An excess of thiazole added to a thiamine 
solution increased growth but an excess of pyrimidine did not influence 
growth. 

2. Phytophthora cinnamomi, apparently, utilized thiamine without de- 
stroying thiazole or pyrimidine. No more pyrimidine than thiazole aeeumu- 
lated in the medium. Growth in a thiamine solution was not influenced by 
the amount of thiazole or pyrimidine in the solution. 

3. Mucor ramannianus, when grown in a solution containing thiamine or 
one containing thiamine and thiazole stopped growing before more than half 
the thiazole was removed. M. ramannianus synthesized pyrimidine. Good 
growth was obtained only in solutions containing a large amount of thiazole. 

4. Sclerotium rolfsii, grown in solutions containing thiamine, synthe- 
sized considerable amounts of thiazole. Sclerotium apparently destroyed 
thiazole. This fungus grew much more in the thiamine solution than any of 
the other fungi. 

5. The four organisms used in this work have thiamine requirements that 
are not influenced by the composition of the medium. All of them except 
Mucor grew better in the dilute than in the concentrated mineral solution. 
When the solution contained a large amount of thiazole, Mucor grew best 
in the strong mineral solution. 

6. The destruction of thiazole may not be related to the use of thiamine 
in metabolism but rather to the ability of the fungus to synthesize thiamine 
from the two intermediates. 


I wish to express my thanks to Dr. W. J. Robbins for his helpful sugges- 
tions and criticisms during this investigation. 
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Gilly, C. L. Studies in the Sapotaceae: a new genus from eastern Cuba and a 
new species from Haiti. Trop. Woods 71: 3-6. 1S 1942. 
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Hodge, W. H. A synopsis of the palms of Dominica. Carib. Forester 3: 103- 
109. f. 1-6. Ap 1942. 

Holdridge, L. R. Arboles de Puerto Rico 1: U. 8. Dept. Agric. Forest Service. 
Trop. Forest Exp. Sta. Publ. 1: 105 mimeog. pages. Mr. 1942. 

Holdridge, L. R. Trees of Puerto Rico. 1: U. 8. Dept. Agric. Forest Service. 
Trop. Forest Exp. Sta. Oce. Paper 1: 105 mimeog. pages. Mr. 1942. 
Howard, R. A. Studies of the Ieacinaceae IV: Consideration of the New World I 
genera. Contr, Gray Herb. 142: 1-60. V: A revision of the genus Citronella 
D. Don. 60-92, 10 S 1942. 

Kol, E. The snow and ice algae of Alaska. Smiths, Mise. Coll 10116, 1-36. 


pl. 1-6.19 8 


Lindsay, G. A new Mammillaria species. Cactus & Suce. Jour. 14: 107-109. 
f. 62-64. Au 1942. 
Mangelsdorf, P. C. & Cameron, J. W. Western Guatemala a secondary center 


of origin of 
pl. 25, 26. 21 


Metcalf, F. P. Additional notes on Acer. Lingnan Sci. Jour. 20: 219-226. 


f. 1-5. 27 Au 


Metcalf, F. P. Notes on Chloranthus, Betula, Lithocarpus and Quercus. Lingnan 


Sci. Jour. 20: 


Munz, P. A. Studies in Onagraceae XII. A revision of the New World species of 
Jussiaea. Darwiniana 4: 179-204, 1942. 
Pagan, F. M. Catalogue of the Hepaticae of Guadeloupe. Bryologist 45: 76- 


110. Au 1942, 


Pagan, F. M. A new species of Dendroceros from Puerto Rico. Bryologist 45: 
—14. Au 1942, 
Pierce, J. H. Macroule, a new genus of the Leguminosae (Sophoreae). Trop. 


111-115. f. 1 


Woods 71: 7, 


Popenoe, W. Plant resources of Honduras. Chron. Bot. 7: 217-219. S 1942. 
Rice, M. H. The mosses and liverworts of Nantucket. Bryologist 45: 115-124. 


Au 1942, 


Ricker, P. L. Some Asiatic species of Lespedeza. Lingnan Sci, Jour. 20: 199- 
204, 27 Au 1942. 

Rogers, H. T. A botanical survey of the Upper Columbia River region, Washing- 
ton. Res, Stud. St. Coll. Wash. 10: 99-140. Je 1942. 

Roland, A. E. & Dore, W. G. Notes on the flora of Nova Seotia—III. Rhodora 
S 1942. 

St. John, H. Nemenclatorial changes in Glossopetalon (Celastraceae). Proce. 
Biol. Soe. Wash. 55: 109-112. 13 Au 1942. 

Sandwith, N. Y. 
Jour. Bot. 80: 
Schery, R. W. Monograph of Malvaviscus. Ann. Mo. Bot. Gard. 29: 183-244. 


44: 334-338. 


pl. 14-17. 18 


Schubert, B. G. Desmodium glutinosum. Rhodora 44: 279, 280. 7 Au 1942, 
Shinners, L. H. The status of Aster longulus Sheldon. Rhodora 44: 338-339. 


8 1942. 


Stahel, G. De nuttige planten van Suriname. Suriname Dept. Landb. Bull. 57 
1-197. Au 1942. 

Sutcliffe, D. New 
Tillson, A. H. & 




































1942, 


eultivated maize varieties. Bot. Mus, Leafl. 10: 217-250. 
Au 1942, 


1942. 


215-218. f. 1, 2. 27 Au 1942. 


2.18 1942. 


On the identification of Aublet’s four species of Caraipa. 
51-54. Mr 1942. 


S 1942. 


records of Sierra Hepaticae. Bryologist 45: 124, Au 1942. 
Muller, C. H. Anatomical and taxonomic approaches to sub- 
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generic segregation in American Quercus. 
f. 1-9. Jl 1942. 

Tippo, O. A modern classification of the plant kingdom. Chron. Bot. 7: 203- 
206. S 1942. 





Am. Jour. Bot. 29: 523-529. 


Tryon, R. M. A revision of the genus Doryopteris. Contrib. Gray Herb. 143: 
1-80, pl. 1-4. 10 8 1942. 

Vargas C., C. The ornamental flora of the rocky cliffs of Sajsaihuaman, Cuzco, 
Peru. Nat. Hort. Mag. 21: 117-129. f. 1-21. Jl 1942. 

[Vecchierello,] H. A check list of the more common plants found on the 
campus and within ten miles of St. Bonaventure College. Part 7. Sci. Stud. 
St. Bonaventure Coll. 101: 12-16. N 1941; Part 8. 102: 12-16 Ja 1942; Part 
9. 108; 3-9 Mr 1942; Part 10. 104: 3-7, 39 Je 1942, 

Walker, E. H. Four new species of Ardisia (Myrsinaceae) from Indo-China. 
Lingnan Sci. Jour. 20: 185-192. f. 1-4. 27 Au 1942. 

Walker, E. H. Two new dwarf species of Rubus from western China and Tibet 






































and their Asiatic relatives. Jour, Wash. Acad. 32: 260-262, 15 S 1942. 
Wallace, G. J. More Berkshire plants. Rhodora 44: 332-334. S 1942. 
Weatherby, C. A. A list of type specimens in Elliott’s herbarium. Rhodora 

44: 249-262. 7 Au 1942. 

Wheeler, L. C. Hugelia Bentham preoccupied. Jour. Wash. Acad, 32: 237-239. 

15 Au 1942. 

Williams, L. O. A new Mavillaria from Mexico. Am. Orchid Soe. Bull. 11: 

132. pl. 4.1 S 1942, 

Woodson, R. E. Commentary on the North American genera of Commelinaceae. 
Ann. Mo. Bot. Gard. 29: 141-154. 18 S 1942. 





MORPHOLOGY 


(including anatomy, and cytology in part) 
(See also under Taxonomy: Tillson & Muller. Under Physiology: Reed & Dufrenoy) 





Brumfield, R. T. Cell growth and division in living root meristems. Am. Jour. 
Bot. 29: 533-543. f. 1-14. J) 1942. 

Cooper, G. O. Development of the ovule and the formation of the seed in 
Plantago lanceolata. Am. Jour. Bot. 29: 577-581. f. 1-30. J] 1942. 

O’Brien, J. A. Cytoplasmic inclusions in the glandular epithelium of the scutel- 

lum of Triticum sativum and Secale cereale. Am. Jour. Bot. 29: 479-491. 

f. 1-32. J1 1942, 

PLANT PHYSIOLOGY 

Beck, W. A. Effect of drought on the production of plant pigments. Plant 
Physiol. 17: 487-491. Jl 1942. 

Bertramson, B. R. Phosphorus analysis of plant material. Plant Physiol. 17: 
447-454. J] 1942. 

Biebel, J. P. Some effects of radiant energy in relation to etiolation. Plant 
Physiol, 17: 377-396, f. 1-3. J] 1942. 

Bonner, J. A reversible growth inhibition of isolated tomato roots. Proce. Nat. 
Acad, 28: 321-324. Au 1942. 

Chapman, H. D. & Parker, E. R. Weekly absorption of nitrate by young, bear- 
ing orange trees growing out of doors in solution cultures. Plant Physiol. 
17: 366-376, f. 1-3. Jl 1942. 

Eaton, F. M. Sand culture methods. Chron. Bot. 7: 200, 201. S 1942. 

Eaton, 8. V. Sulphur content of seeds and seed weight in relation to effects of 
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sulphur deficiency on growth of sunflower plants. Plant Physiol. 17: 422- 
434, f. 1-5. J1 1942. 

Fox, D. L. The carotenoid pigments of cryptogams. Chron. Bot. 7: 196-198. 
S. 1942. 

Gauch, H. G. & Eaton, F. M. Effects of saline substrate on hourly levels of carbo- 
hydrates and inorganic constituents of barley plants. Plant Physiol. 17: 
347-365. f. 1-6. J1 1942, 

Haagen-Smit, A. J., Leech, W. D. & Bergren, W. R. The estimation, isolation, 
and identification of auxins in plant materials. Am. Jour. Bot. 29: 500- 
506. f. 1. J1 1942. 

Hageman, R. H., Hodge, E. 8S. & McHargue, J. 8S. Effect of potassium iodide 
on the ascorbic acid content and growth of tomato plants. Plant Physiol. 
17: 465-472. f. 1-3. J] 1942. 

Jones, W. W. Respiration and chemical changes of the papaya fruit in relation 
to temperature. Plant Physiol. 17: 481-486. f. 1, 2. J] 1942. 

Michener, H. D. Dormancy and apical dominance in potato tubers. Am. Jour. 
Bot. 29: 558-568. f. 1, 2. J1 1942. 

Montermoso, J. C. & Davis, A. R. Preliminary investigation of the rhythmic 
fluctuations in transpiration under constant environmental conditions. 
Plant Physiol. 17: 473-480. f. 1, 2. J1 1942. 

Osterhout, W. J. V. Increased irritability in Nitella due to guanidine. Jour. 
Gen. Physiol. 26: 65-73. 20 S 1942. 

Reed, H. S. & Dufrenoy, J. Catechol aggregates in the vacuoles of cells of zine 
deficient plants. Am. Jour. Bot. 29: 544-551. f. 1-8. J] 1942. 

Sellei, J. et al. Effect of fluorescein on plant growth. Am. Jour. Bot, 29: 
513-522. f. 1-3. J1 1942. 

Skoog, F., Schneider, C. L. & Malan, P. Interactions of auxins in growth and 
inhibition. Am, Jour. Bot, 29: 568-576, f. 1-4. Jl] 1942. 

Smith, G. F. & Kersten, H. Root modifications induced In Zea mays seedlings 
by irradiating dry seeds with soft x-rays. Plant Physiol. 17: 455-464. 
f. 1-19. J 1942. 

Steward, F. C., Prevot, P. & Harrison, J. A. Absorption and accumulation of 
rubidium bromide by barley plants. Localization in the root of cation 
accumulation and transfer to the shoot. Plant Physiol. 17: 411-421. f. 
1, 2. J1 1942. 

Thimann, K. V. Growth hormones in plants. Smiths. Inst. Ann. Report 1941: 
393-400, pl. 1, 2. 1942. 

Stewart, W. S. & Stuart, N. W. The distribution of auxins in bulbs of Lilium 
longiforum. Am. Jour. Bot. 29: 529-532, f. 1-4. J1 1942. 

Trelease, S. F. Identification of selenium indicator species of Astragalus by 
germination tests. Science 95: 656-657, 26 Je 1942. 

Trelease, 8S. F., Greenfield, S. 8S. & DiSomma, A. A. Absorption of selenium by 
corn from Astragalus extracts and solutions containing proteins. Science 
96: 234, 235. 4 8 1942. 

Zscheile, F. P. et al. The preparation and absorption spectra of five pure caro- 
tenoid pigments. Plant Physiol. 17: 331-346. f. 1-4. J] 1942. 


MYCOLOGY AND PHYTOPATHOLOGY 
Ajello, L. Polychytrium: a new Cladochytriaceous genus. Mycologia 34: 442- 
451. f. 1-16. 1 Au 1942. 
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Arde, W. R. Studies in the genus Tricholoma—l. 
f. 1-21. 1 Au 1942. 

Armstrong, G. M., Hawkins, B. 8S. & Bennett, C. C. Cross inoculations with iso- 
lates of fusaria from cotton, tobacco, and certain other plants subject to 
wilt. Phytopathology 32: 685-698. Au 1942. 


Mycologia 34: 416-423. 


Bessey, E. A. Some problems in fungus phylogeny. Mycologia 34: 355-379. 
f. 1-5. 1 Au 1942, 

Bonde, R. ¢? al. Resistance of certain potato varieties and seedling progenies to 
ring rot. Phytopathology 32: 813-819. S 1942. 

Chilton, 8. P. Cercosporella eyespot of Kentucky bluegrass. Phytopathology 
32: 737-739. f. 1. Au 1942. 

Christensen, C. M. Two cases of unusual development of fruit bodies. Myco- 
logia 34: 400-402. f. 1-3. 1 Au 1942. 

Christensen, C. M. & Kaufert, F. H. A blue-staining fungus inhabiting the 
heartwood of certain species of conifers. Phytopathology 32: 735-737. 
f. 1. Au 1942. 

Christensen, C. M. et al. Hormodendrum resinae (Lindau), an inhabitant of 
wood impregnated with creosote and coal tar. Am. Jour. Bot. 29: 552-558. 
f. 1-2. J1 1942. 

Couch, J. N. & Whiffen, A. J. Observations on the genus Blastocladiella. Am. 
Jour. Bot. 29: 582-591. f. 1-66. J] 1942. 

Davidson, R. W., Campbell, W. A. & Vaughn, D. B. Fungi causing deeay of 
living oaks in the eastern United States and their cultural identification. 
U. 8. Dept. Agr. Tech. Bull. 785: 1-65. pi 1-3. Ja 1942. 

Davis, J. J. Parasitic fungi of Wisconsin. 1-57. Madison, privately printed. 1942. 

Emmons, C. W. Coccidioidomycosis. Mycologia 34: 452-463. f. 1-18. 1 Au 1942. 

Fitzpatrick, H. M. Revisionary studies in the Coryneliaceae. Mycologia 34: 
464-488. f. 1-43. 1 Au 1942. 

Plor, H. H. Inheritance of pathogenicity in Melampsora lini. Phytopathology 
32: 653-669. f. 1, 2. Au 1942. 

Frampton, V. L., Linn, M. B. & Hansing, E. D. The spread of virus diseases of 
the yellows type under field conditions. Phytopathology 32: 799-808. f. 
1-6, 8 1942. 

Friedman, B. A. & Francis, T. Gall formation by Phytomonas tumefaciens 
extract and indole-3-acetie acid in cultures of tomato roots. Phytopathology 
32: 762-772. f. 1-4. 8 1942. 

Garcia-Rada, G. et al. An unusually virulent race of wheat stem rust, No. 189. 
Phytopathology 32: 720-726. f. 1, 2. Au 1942, 

Hesler, L. R. Notes on southern Appalachian fungi, I. Jour. Tenn. Acad. 17: 
242-249. f. 1-4. J] 1942. 

Hildebrand, E. M. Indexing cherry yellows on peach. Phytopathology 32: 712- 
719. f. 1-2. Au 1942. 

Hildebrand, E. M. Prune dwarf. Phytopathology 32: 741-751. f. 1-5. S 1942. 

Hirschhorn, E. Adiciones y correcciones a las especies del genero Ustilago en la 
Argentina. Soe. Cien. Arg. 133: 217, 218. 1942. 

Holmes, F. O. A comment on Dr. Johnson’s ‘‘ Virus nomenclature and commit- 
tees.’’ Chron. Bot. 7: 201, 202. S 1942. 

Hotson, H. H. Some species of Papulaspora associated with rots of Gladiolus 
bulbs. Mycologia 34: 391-399. f. 1-2. 1 Au 1942. 
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Hwang, L. The effect of light and temperature on the viability of urediospores 
of certain cereal rusts. Phytopathology 32: 699-711. Au 1942, 

Johnston, C. L. & Greaney, F. J. Studies on the pathogenicity of Fusarium 
species associated with root rot of wheat. Phytopathology 32: 670-684. 
Au 1942. 

King, C. J. & Presley, J. T. A root rot of cotton caused by Thielaviopsis basi- 
cola. Phytopathology 32: 752-761. f. 1-3. 8 1942. 

LeClerg, E. L., Person, L. H. & Meadows, 8S. B. Further studies on the tempera- 
ture relations of sclerotial isolates of Rhizoctonia solani from potatoes. 
Phytopathology 32: 731, 732. Au 1942. 

Lefebvre, C. L. Claviceps yanagawaensis in imported seed of Japanese lawn 
grass. Phytopathology 32: 809-812. f. 1, 2. S 1942. 

Lindgren, R. M. Temperature, moisture, and penetration studies of wood-stain- 
ing Ceratostomella in relation to their control. U.S. Dept. Agr. Tech. Bull. 
807: 1-35, pl. 1-3. Mr 1942. 

Machacek, J. E. & Brown, A. M. Preliminary investigations on mechanical 
injury in flax seed. Phytopathology 32: 733, 734. Au 1942. 

McKenzie, M. A. Experimental autoecism and other biological studies of a gall- 
forming peridermium on northern hard pines. Phytopathology 32: 785- 
798. f. 1.8 1942. 

Porter, J. N. The mycorrhiza of Zeurxine strateumatica. Mycologia 34: 380-390. 
f. 1-6. 1 Au 1942. 

Seaver, F. J. Photographs and descriptions of cup-fungi—XXVII. Pezicula 
purpurascens. Mycologia 34: 412-415, f. 1. 1 Au 1942, 

Shifriss, O., Myers, C. H. & Chupp, C. Resistance to mosaic virus in the cucum- 
ber. Phytopathology 32: 773-784. f. 1-4. S 1942. 

Snell, W. H. New proposals relating to the genera of the Boletaceae. Mycologia 
34: 403-411. f. 7. 1 Au 1942. 

Snell, W. H. The production of sporidia of Cronartium ribicola on cultivated 
red currants in relation to infection of white pine. Am. Jour. Bot. 29: 506—- 
513, J] 1942. 

Thatcher, F. S. A stem-end rot of potato tubers caused by Rhizoctonia solani. 
Phytopathology 32: 727-730. f. 1, 2. Au 1942. 

Voorhees, R. K. Life history and taxonomy of the fungus Physalospora Rhodina. 
Fla. Exp. Sta. Bull. 371: 1-91. f. 1-16. My 1942. 


GENETICS 
(including cytogenetics) 
(See also under Taxonomy: Mangelsdorf & Cameron) 
Johnson, D. A. Chromosomes of Jamesianthus. Rhodora 44: 280. f. 1. 7 Au 1942. 
Lesley, J. W. & Lesley, M. M. A hereditary variegation in tomatoes. Genetics 
27: 550-560. f. 1, 2. S 1942. 
Scott, D. H. & Cullinan, F. P. The inheritance of wavy-leaf character in the 
peach. Jour, Hered, 33: 293-295, f. 8, 9. Au 1942. 
Swanson, C. P. The effects of ultraviolet and x-ray treatment on the pollen tube 
chromosomes of Tradescantia. Genetics 27: 491-503. pl. 1. S 1942. 
Thompson, R. C. An amphidiploid Lactuca. Jour. Hered. 33: 253-264. f. 5-9. 
J1 1942, 
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Asmous, V. C. Eduard von Regel (1815-1892) and his contribution to botany 
and horticulture in Russia. Chron. Bot. 7: 199, 200. port. S 1942. 

Baldwin, H. I. Forest tree seed of the north temperate regions with special 
reference to North America. i-xvi, 1-240. f. 1-28. Chronica Botanica, 
Waltham, Mass., 1942. 

Campbell, D. H. Evolution of the land plants. Sci. Monthly 55: 99-113. illustr. 
Au 1942. 

Coolidge, H. J. Notes on conservation in the Americas. Chron. Bot. 7: 155- 
163. Jl 1942. 

Ewan, J. Bibliographical miscellany—IV. A bibliogeographical guide to the 
Brandegee Botanical Collections. Am. Midl. Nat, 27: 772-789. My 1942. 

Puller, H. J. The plant world, a text in college botany. New York, Holt, i—xi, 
1-592. f. 1-306, 1941. 

Greulach, V. A. Stephen Hales—pioneer plant physiologist. Sci. Month. 55: 
52-60. J] 1942. 
Haggis, A. W. Fundamental errors in the early history of Cinchona. Bull. 
Hist. Medicine 10: 417-459. illustr. O 1941. 568-592. illustr. N 1941. 
House, H. D. Bibliography of the botany of New York State 1751-1940, Part 
2. N. Y. State Mus. Bull. 329: 177-233. Je 1942. 

Howell, J. T. Concerning David Douglas. Leafl. West. Bot. 3: 160-162. 21 
J1 1942. 

Johnston, E. D. Doctor William Houston, Botanist. Georgia Historical 
Quarterly 25: 1-15. 1942. 

Knopf, C. 8. The significance of certain plant names. Madroio 6: 209-211. 
20 Jl 1942. 

Larsen, E. L. Pehr Kalm’s observations on black walnut and butternut trees. 
Agr. Hist. 16: 149-157. J] 1942. 

Melhus, I. E. Ormond Rourke Butler 1877-1940. Phytopathology 32: 447- 
450. port. Je 1942. 

Modlibowska, I. Bimodality of crowded pollen tubes in Primula obconica. 
Jour. Hered. 33: 187-190. f. 9, 10. My 1942. 

Reddick, D. Ivan Claude Jagger 1889-1939. Phytopathology 32: 549-553. 
port. J) 1942. 

Rodgers, A. D. John Torrey; a story of North American botany. 1-352. 
Princeton Univ. Press. Princeton. 1942. 

Stearn, W. T. Dates of publication of DeCandolle’s ‘‘Prodromus.’’ Candollea 
8: 1-4, Au 1939. 

Steere, W. C. Francisco Mariano Pagén, 1896-1942. Bryologist 45: 73-76. 
port, Au 1942, 

Suydam, A. B. Early botanists of Rochester and vicinity and the Botanical Sec- 

tion, Part II. Proce. Rochester Acad. 8: 124-149. illustr. 10 S 1942. 
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New names and combinations are designated by bold face type. 


266; balsamea 647, 650- 


grandis 266-270, 273-275; 


Abies amabilis 


653; lasio- 
carpa 266, 273; nobilis 273-275 

Absidia glauca 502, 598-599, 612; orchidis 
596, 598; spinosa 480, 488, 492, 498- 
502, 506-601, 612, 614 

Abuta brevifolia 160: candollei 160; co- 

159; grandifolia 159; 
bachii 159; guyanensis 160; imene 159; 
obovata 158; rufescens 159; 
159; velutina 159 

Acacia melanoxylon, 
roots of 130 


Acalypha virginica 286 


lumbiana grise- 


selloana 


Culture of isolated 


Acanthopappus sphaerocephalus 110; var. 
hirtellus 105 

Acanthorhynchus vaceinii 257-260 

266; 

pennsylvanicum 650, 653, 656; platano- 

425; rubrum 425, 648-653; 

422, 647, 650-653; 


Acer circinatum macrophyllum 266; 


ides sac- 
charum 
650-653 


Achras zapota, Response in latex yield of 


spicatum 


to ibidem method of tapping 553-560 
Achyronychia cooperi 108, 110 
Acnida tamariscina 287 


235-239; trans- 
235-239; vul- 


Aconitum noveboracensis 


236; uncinatum 


paria 236 


sectum 


Acrocarpus humilis 297; polyphyllus 297 

Actinomyces albus 21-26, 509; annulatus 
257-260; flavovirens 257-260; gougeroti 
257-260 ; 
257-259 ; 
569-571 

Actinomycetes 21, 257, 569 

Aesculus hippocastanum 425 

Agar, Thiamine content of 11 

Ageratum conyzoides 286 

Agropyron cristatum 436; junceum 436; 
repens 436, 437; var. glaucescens 436; 
spicatum 434-437 

Agrostis 


ORT 


halstedii 257-260: madurae 


viridochromogenus 257-260, 


hiemalis 463; longifolia 463; 
michauxii var, laxiflorum 463; serotina 
463; sylvatica 463; virginica 463 

ALBRECHT, WM. A., AND R, A. SCHROEDER: 
Plant nutrition and the hydrogen ion— 
III. Soil calcium and the oxalate content 
of spinach 561 

ALEXOPOULOS, CONST. J., AND J. 
HERRICK: 


ARTHUR 
Studies in antibiosis between 


bacteria and fungi—III. Inhibitory 
action of some Actinomycetes on various 
species of fungi in culture 257; Thia- 
mine production by Actinomyces virido- 
chromogenus 569 

Alnus rubra 266 

Alternaria solani 258, 259 

Althaea rosea 338 

Alyssum dentatum 469 

Amaranthus deflexus 287 

Ambrina ambrosioides 286 

Ambrosia elatior 287; trifida 287 

Amelanchier 650-653 ; 
267 

American Botanical Literature, Index to 
65, 162, 249, 323, 400, 471, 544, 617, 692 

Ammannia coccinea 287; dentifera 387, 
395; koehnei 387, 395; latifolia 398 

Ampelopsis arborea 287 

Anacardiaceae, A new genus from Colom- 
bia 442 

Analysis of the wood of the three com- 
mercial species of white pine 573 

Ananas sativa 332 

Anemone cylindrica 468; nudicaulis 385 

Annual plants, dependence on shrubs 100 

Anomospermum chloranthum 158; reticu- 
latum 158; schomburgkii 158; ulei 160 

Antennaria borealis 431; 431; 
media 431 

Anthophytum pictum 332 


canadensis florida 


isolepis 


Antibiosis 257 

Aralia nudicaulis 655 

Arbutus menziesii 267 

Archilejeunea porelloides 631 

Arcteranthus cooleyae 377 

Arctostaphylos myrtifolia 137 

Arracacia schneideri 151, 152; 
152 

Artemisia tridentata 434 

Arundinaria tecta 286 

Arundo coarctata 463 

Asa GRAY’S earliest botanical publications 
461 

Asclepias syriaca 335, 339 

Ascorbie acid in cowpea plants 204-218; 
522-527 

Ashbya gossypii 12 

Aspergillus niger 12 

Aspidium acrostichoides var. incisum 


vaginata 


spinulosum var. intermedium 655 
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Aster abatus 104, 110; infirmus 655 
Astragalus whitedii 434 
Atriple x hyme nelytra 110; Le ntiformis 109 


Bacillus radicicola 11 

BALDWIN, J. T., JR.: Cytogeography of 
Oxydendrum arboreum 134 

Balmea 438; stormeae 438-441 

Balsamorhiza sagittata 149, 434 

BARKLEY, Frep A.: A new genus of the 
Anacardiaceae from Colombia 442 

Basidiobolus ranarum 607 

Batrachium aquatile 381; var; caespitosum 
383; var. capillaceum 381; var. flacci- 
dum 383; var. pantothrixr 383; var. 
trichophyllum 381; bakeri 381, 383; 
circinatum 385; var. terrestre 385; con- 
fervoides 383; eradicatum 383; gray- 
anum 384; lobbii 381; pedunculare 381, 
382; porteri 381; trichophyllum 381; 
var. caespitosum 383 

Bauhinia purpurea 132, 133 

Beckwithia andersonii 379: austinae 
juniperina 379 

Begonia, Stem rot of 92; dregei 92; lloydii 
93, 98, 99; scharffiana 335, 336; schmidt- 
iana 335; semperflorens 92, 93, 98, 99; 
socotrana 92; tuberhybrida 92, 98 

BENSON, LYMAN: North American Ra 
nunculi—IV 298; V 373 

Berchemia scandens 284-286 

Bernardia fasciculata 454-456 

Betula lutea 647, 650, 651, 653, 657; papy- 
rifera 647, 650, 651, 653-659; populi- 
folia 650-652 

Bidens frondosa 287 

Bignonia radicans 284, 286 

BLAKESLEE, A. F., Eva R. SANSOME, AND 
8S. SaTina: Disintegration of ovules in 
tetraploid-diploid and in incompatible 
species crosses in Datura 405 

Blakeslea trispora 480, 495, 496, 500, 502, 
506, 594, 601, 612 

Boehmeria cylindrica 287 

BONNER, JAMES: Culture of isolated roots 
of Acacia melanoxylon 130 

Botanical literature, Index to American 
65, 162, 249, 323, 400, 471, 544, 617, 692 

Botrytis cinerea 94, 258, 259 

Brachiomonas simplex 661 

Bradburya unifoliata 387, 391 

Bromus rubens 107, 108; tectorum 434 

Brown, WALTER: Panicum bennettense, 
a new species from North Carolina 539 

Brunnichia cirrhosa 285, 287 
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Bryophyllum crenatum 333 

BURKHOLDER, P. R., AND A. G. SNOW, JR.: 
Thiamine in some common American 
trees 421 


Calamagrostis cinnoides 463; coarctata 
463, 464; erpansa 464 

Caiamovilfa longifolia 221 

Calandrinia polyandra 455 

Calendula officinalis 335, 336, 338 

Calyptocarpus vialis 286 

Calyptridium monandrum 107 

Camellia japonica 421 

Camp, W. H.: Studies in the Ericales: A 
new name in blueberries 240 

Campanula lasiocarpa 431, 432; parryi 
241; var. idahoensis 241, 242; var. 
parryi 241, 243; macdougalii 243; petio- 
lata 243; rotundifolia 243; sacajaweana 
243 

Capparis incana 389; yucatanensis 389 

Carex blepharophora 467, 468; chordor- 
rhiza 470; communis 465; debilis var. 
rudgei 655; hitehcockiana 470; intumes- 
cens var. globularis 467, 468; lariculmis 
465; livida 476; oligocarpa var. latifolia 
465; pensylvanica var. muhlenbergii 465 

Cassia itzana 390; jalapensis 391; yuca- 
tanensis 391 

Castanopsis chryscphylla 267 

Catalpa speciosa 7 

Cattleya labiata var. mossiae 167 

Caulanthus cooperi 102, 104, 108, 112, 113; 
lasiophyllus 103, 108, 113 

Ceanothus americanus 469; intermedius 
469; ovalis 469; sanguineus 267 

Celtis mississippiensis 284 


,- 


285, 287; pete - 
nensis 387; swartzii 387; trinervia 387 


Central America, undescribed plants from 
387 


Centrosema unifoliatum 391 
Cephalocarpus 290; clarkei 291, 297; 
comatus 291, 297; confertus 293; dra- 
caenula 290, 291, 293, 294; humilis 291, 
297; lineariifolius 293-295; longibracte- 
atus 291, 293, 294, 296; polyphyllus 291, 
297; rigidus 291, 293, 295, 296; var. 
typicus 293, 294, 296; var. mucronatus 
293, 294, 296; schenckianus 297 
Cephalomonas, a new genus of the Volvo- 
cales 661, 667; granulata 665, 668 
Ceratostomella, Vitamin deficiencies of 
184; fimbriata 185; ips 184-203; mon- 
tium 185-203; piceaperda 185-203; pini 
184-203; pseudotsugae 185-203; ulmi 


Cero 
Cha 
Cha 
Cha 
Che 
Chi 
Cho 
Cho 





1942] INDEX TO VOLUME 


185-203, 342-351; specificity of pyri- var. flaviramea 587; var. interior 
doxine for 342 var. nitida 587; var. riparia 587 
Cerothamnus ceriferus 284, 286 Cortinarius aggregatus 45, 47, 57, 
Chaenactis fremontii 107, 108, 112 albidifolius 59; albidus 45, 48; alerui- 
Chamaecyparis nootkatensis 266 osmus 48, 51; allutus 55; ammicola 45, 
Chamaesyce humistrata 287 46, 48, 49; arenicola 45, 46, 48-50; 
Chenopodium album 286 armillatus 62, 63; arquatus 45, 46; 
Chimaphila umbellata 655 atkinsonianus 45-47, 54; boudieri 45, 46, 
Choanephora cucurbitarum 503 51; caerulescens 45, 46, 50, 52, 54; 
caesiocyaneus 45, 46, 54; calochrous 45, 
phylum 156; polyanthum 157; tomento- 46, 48, 49; calyptratus 45, 46, 52; calyp- 
carpum 156; tomentosum 156; towi- trodermus 45, 46, 51-54; cedretorum 
coferum 156, 157 45, 46, 47; citronellus 45, 47; citrin- 
Chorizanthe brevicorne 108 ipedes 45, 46, 54, 56; claricolor 58, 60; 
corrugatus 45, 46, 47, 57; dibaphus 50; 
dionysae 50; elegantioides 45, 47; ele- 
gantior 45, 47; fulgens 44, 45, 47; ful- 
mineus var. sulphureus 45, 47; fumosi- 
CLAUSEN, ROBERT T.: Studies in the Cras- folius 60, 63, 64; glaucopoides 45, 47; 
sulacene—III. Sedum, subgenus Gor- glaucopus 45, 47, 55, 58; haematochelis 
mania, section Eugormania 27 62; herpeticus 45, 47; intrusus 45, 47; 
Clintonia borealis 655 lilacinopes 45, 46; lustratus 59; luteo- 
Coldenia canescens 542 armillatus 59; metarius 45, 46; michi- 
Coletotrichum gloeosporivides 257, 260 ganensis 45, 47, 54; montanus 45, 47; 
Collomia rawsoniana 137 multiformis 45, 48; nappus 57; nemo- 


Chondodendron limaciifolium 156; plati- 


Chromosome studies in Sedum, subgenus 
Gormania, section Eugormania 41 
Chromosomes of Aconitum 235 


Cirsium horridulum 286 


CONSTANCE, LINCOLN, AND MILDRED E. 
MATHIAS: New combinations and new 
names in the Umbelliferae 244; new 
North American Umbelliferae 151 
COOPER, WILLIAM 8.: An isolated colony 
of plants on a glacier-clad mountain 429 
Coptidium lapponicum 385 

Coptis trifoliata 655 

Cornus alba 586; var. angustipetala 587; 
var. behnschi 587; var. coloradensis 587 ; 
var. elata 587; var. elongata 587; var. 
nitida 587; var. splendens 587; subsp. 
baileyi 588; subsp. stolonifera 587; al- 
ternifolia 654; amomum 584-586, 588; 
baileyi 583, 586, 588; californica 583, 
586, 589; var. nevadensis 89; canadensis 
655, 657, 658; florida 425, 426; hessei 
586; instolonea 583, 587; interior 583, 
586, 588; nelsoni 583, 587, 588; occiden- 
talis 267, 583, 586, 589; pubescens 583, 
589; var. californica 589; purshii 587; 
sericea 583-587 ; subsp. occidentalis 589 ; 
var. occidentalis 589; f. californica 589 ; 
f. occidentalis 589; subsp. stolonifera 
587; f. baileyi 588; f. californica 589; 
f. interior 588; f. stolonifera 587; 
stolonifera 583-587; var. angustipetala 
587; var. baileyi 588; var. behnschi 587; 
var. californica 589; var. coloradensis 
587; var. elata 587; var. elongata 589; 


rosus 50; obliquus 60, 61; occidentalis 
45; olivaceostramineus 45, 47; olympi- 
anus 45, 47, 50; orichalceus 45, 47; para- 
gaudis 63; parksianus 45, 46; praestans 
52; prasinus 45, 47; purpurascens 45, 
46; purpureophyllus 45, 46, 51; rickeni- 
anus 51; rubens 45, 47; scaurus 45, 47; 
sebaceus 59; sodagnitus 50; sphaero- 
spermus 45; squalidus 45, 47, 55, 56; 
subfulmineus 44; subglaucopus 44; sub- 
lateritius 45, 48; subpurpurascens 45; 
subpurpureophyllus 45, 46; subsolitarius 
45, 47, 56-58; subtestaceus 61-63; tri- 
umphans 59; velicopia 45, 46, 55; vere- 
gregius 63; virentophyllus 45, 47; volva- 
tus 45, 47 

Corylus californica 267; rostrata 654 

Cotyledon brittoniana 37; burnhamii 31; 
glandulifera 33, 40; mendocinoana 39; 
obtusata 31; oregonensis 28; retusa 39; 
yosemitensis 31 

Couma guatemalensi 557 

Cowpea, Ascorbic acid in 204-218, 522-527 

Crassulaceae, Studies in 27 

Crataeva glauca 389; gynandra 390; tapia 
390 

Crataegus douglasii ‘67 

CroizaAt, LEON: New and critical Eu- 
phorbiaceae, chietly from the south- 
sastern United States 445 
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Croton albinoides 447-451; andinus 448; 
berlandieri 451; californicus 446; capi- 
tatus 286, 447-451; coryi 446, 457; 
elliottii 448; engelmannii 447-450; var. 
albinoides 447, 448; gracilis 446; ju- 
cundus 452; lindheimeri 447-451; lute- 
ovirens 446; muelleri 448, 449; muri 
catus 446; neomexicanus 446; parksii 
445-447, 457; pedicellatus 448; punce- 
tatus 446, 448; subjucundus 451, 457; 
soliman 452; sonorae 452; tenuilobus 
448; texensis 446 

Cryptangium comatum 297; dracaenula 
290, 294: schenckianum 297; strictum 
290, 291, 297 

Cryptanthe micrantha 108 

Culture of isolated roots of Acacia mela- 
noxylon 130 

CuRTIS, JOHN T., AND Ropert E, DUNCAN, 
Intermittent growth of fruits of Cypri- 
pedium and Paphiopedilum, A correla 
tion of the growth of orchid fruits with 
their internal development 353; Inter 
mittent growth of fruits of Phalaenopsis. 
A correlation of the growth phases of an 
orchid fruit with internal development 
167 

Cuscuta deltoidea 543; gracillima 543; 
lacerata 543; runyonii 541; salina var. 
papillata 543; serruloba 542 

Currer, Victor M., JrR.: Nuclear behavior 
in the Mucorales—I. The Mucor pattern 
480; Il. The Rhizopus, Phycomyces, and 
Sporodinia patterns 592 

Cusickia minor 246 

Cymopterus anisatus 248 

Cynapium bigelovii 246 

Cynoctonum mitreola 286 

Cynodon dactylon 287 

Cyperus erythrorhizos 287; esculentus 286, 
287, 289; filicinus microdontus 287; 
grayii 464; inflexus 287; mariscoides 
var. setifolius 464; virens drummondii 
287 

Cypripedium andrewsii 354, 356; barba- 
tum 353; calceolus 353, 354; parviflorum 
353; pubescens 354-357; punctatum 
353; reginae 354, 355; veitchianum 353 
Cyrtorhynchus cymbalaria 375; neglectus 
376; nuttallii 377; ranunculina 376, 377; 
rupestris 376, 377 

Cystoseira osmundacea 533 

Cytogeography of Oxydendrum arboreum 
134 


Dalea schottii 103, 104 
Dalibarda repens 655 





Daphne odora 421 

Datura ceratocaula 416, 418, 419; metel 
416, 418, 419; stramonium 405-420 

Day, DororHy: Thiamine content of agar 
11 

Delphinium, The genus in North America 
137-150; amabile pallidum 143; bakeri 
144, 145; bicolor 146; burkei 147, 148; 
subsp. distichiflorum 149; caprorum 
145, 146; geyeri 150; glareosum 146; 
glaucum 147; greenei 147; hanseni 137, 
138, 141-143; hanseni arcuatum 139- 
142; hanseni hanseni 140-142; hanseni 
kernense 139, 143; hesperium 137, 138, 
140; megacarpum 150; nudicaule 146; 
nudicaule f. elatum 146; occidentale 
147; parishii 105, 109, 110, 113; parryi 
var. montanum 147; patens subsp. 
greenei 147; subsp. montanum 147; 
purpusi 137, 142; scopulorum 147, 148; 
simplex 147, 148; simplex var. distichi- 
florum 149; trollifolium 144; wmatil- 
lense 149, 150; variegatum 138, 141 

Dendrobium nobile 167 

Dendroctonus brevicomis 185; frontalis 
184; monticolae 185; piceaperda 185; 
pseudotsugae 185 

DENSLOW, HERBERT MCKENZIE 479 

Dependence of certain annual plants on 
shrubs in southern California deserts 100 

Development of sporelings in the Lejeune- 
aceae 627 

Diervilla lonicera 317-322; var. hypoma- 
laca 318-322 

Digitaria sanguinalis 286 

Diodia virginiana 286 

Diospyros virginiana 284 

Disintegration of ovules in tetraploid- 
diploid and in_ incompatible — species 
crosses in Datura 405 

Dopér, B. O.: Heterocaryotic vigor in 
Neurospora 7 

Draba arabizans 469; dentata 469; glabri- 
uscula 468, 469; incana 468; ramosis- 
sima 469 

Dracocephalum parviflorum 469 

Dracopus amplexicaulis 286 

Dudleya californica 333 

DUNCAN, RoBert E., AND JOHN T. CURTIS: 
Intermittent growth of fruits of Cypri- 
pedium and Paphiopedilum. A correla- 
tion of the growth of orchid fruits with 
their internal development 353; Inter 
mittent growth of fruits of Phalaenop- 
sis. A correlation of the growth phases 
of an orchid fruit with internal develop 
ment 167 
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Dussia coriacea 590; cuscatlantica 591; 
sanguinea 591 


Echeveria brittonii 31; eximia 334, 335, 
338; gormannii 37; hallii 31; obtusata 
31; watsonii 35 

Echinochloa colona 287; crus-galli mitis 
286; walteri 287 

Effect of Actinomyces albus and of thia- 
mine on the growth of Trichophyton 
discoides 21 

Effect of variations in light intensity, 
length of photoperiod, and availability 
of nitrogen upon accumulation of as- 
corbie acid in cowpea plants 204 

Elissarhena grandifolia 160 

Ellisia micrantha 111 

Elongation of primary roots of Vicia faba 
221 

Elymus condensatus 434 

Embryo of Hordeum sativum 360 

Emmenanthe penduliflora 103, 107 

Encelia farinosa 103, 104, 106, 107 

Ephedra nevadensis 104, 105 

Epilobium angustifolium 335, 337-339; 
latifolium 430, 432 

Equisetum robustum 287 

Eragrostis hypnoides 286, 287; pectinacea 
286, 287; spectabilis 286 

Erigeron canadense 286, 542 

Eriogonum reniforme 108 

Eriophorum polystachyon var. tenellum 
464; tenellum 464 

Erodium cicutarium 111 

Erythronium americanum 339 

Eschscholtzia minutiflora 103 

Establishment of a white birch community 
on cutover pulpwood land in northwest- 
ern Maine 647 

Eugenia balancanensis 396; cocquericoten- 
sis 397; itzana 395; leptopa 396; lun- 
dellii 396; ovatifolia 396; petenensis 
397 

Eupatorium capillifolium 287 

Euphorbia escula 449; polycarpa 111; var. 
hirtella 107, 108; portulacoides 449; 
splendens 335 

Euphorbiaceae, New and critical, chiefly 
from the southeastern United States 445 

Eurotia lanata 105, 110 

Eutetracoceus 456, 458 

EWAN, JOSEPH: The genus Delphinium in 
North America: series Echinatae of sub- 
section Subscaposa and miscellaneous 

noteworthy species 137 





Fagus grandifolia 647, 650, 651, 653; syl- 
vatica 204, 425 

Fassett, NORMAN C.: Mass collections: 
Diervilla lonicera 317 

Ferula californica 246; dissoluta 246; pur- 
purea 246 

Festuca pratensis 465 

Ficaria ficaria 286; glacialis 378; ra- 
nunculoides 386; verna 386 

Filago arizonica 107 

Fimbristylis autumnalis 287; diphylla 286; 
vahlii 287 

Flueggea virosa 458 

Flowers, rooting of 332 

Fomes fraxinophilus 258-260 

Forsythia suspensa 335, 338 

FosserG, F. R.: Cornus sericea L. (C. 
stolonifera Michx.) 583 

Fragaria virginiana 655 

Franseria dumosa 103, 104, 106, 110 

Fraxvinus americana 287, 651, 656; ex- 
celsior 205; oregana 266 

Freesia refracta 335, 336, 338 

Fruits, growth of 167, 353 

Frullania dilatata 629 

FULFORD, MARGARET: Development of 
sporelings in the Lejeuneaceae 627 

Furcraea pubescens 332 


Galax aphylla 136 

Gaultheria procumbens 655 

Gelidium caloglossoides 534, 357 

Genus Cephalocarpus Nees (Cyperaceae) 
290 

Genus Delphinium in North America: 
series Echinatae of subsection Subsca- 
posa and miscellaneous noteworthy spe- 
cies 137 

Geraea canescens 110 

GiLLY, CHARLES L.: The genus Cephalo- 
carpus Nees (Cyperaceae) 290 

GitLy, C. L., AND H. W. Rickert: Asa 
Gray’s earliest botanical publications 
(1833-1836) 461 

Githopsis pulchella 137 

Gleditsia triacanthos 284 

Gormania anomala 27, 28; burnhami 31; 
debilis 27; eastwoodiae 39; glandulifera 
33; hallii 31; larva 37; obtusata 31; 
oregana 27; retusa 39; watsoniana 35, 
36 

Grayia spinosa 104, 105 

Glomerella cingulata 257-259 

GRAY’s earliest botanical publications 461 

Growth of orchid fruits 167, 353 
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Habenaria hookeri 468; orbiculata 469 

Halerpestes cymbalaria 375 

Halliophytum 464; fasciculatum 454, 455 

HANSEN, Henry P.: A pollen study of 
lake sediments in the lower Willamette 
valley of western Oregon 262 

Hapalospongidion gelatinosum 528-532; 
pangoensis 532 

HARPER, Ropert ALMER 331 

Helianthus annuus, 335, 336 

Heliotropium inundatum 287 

HERRICK, J. ARTHUR, AND Const. J. ALEX- 
OPOULOS: Studies in antibiosis between 
bacteria and fungi—III. Inhibitory ae 
tion of some Actinomycetes on various 
species of fungi in culture 257; thiamine 
production by Actinomyces viridochro- 
mogenus 569 

Heterocaryotie vigor in Neurospora 75 

Hevea brasiliensis 553-560 

Hibiscus rosa-sinensis 338 

Hicoria pecan 284, 285 

Hieracium gracile var, minimum 431 

HIGINBOTHAM, NOE: Cephalomonas, a new 
genus of the Volvoeales 661 

Hilaria rigida 103 

Holeus halepensis 287 

HOLLENBERG, GEORGE J.: Phycological 
notes—I 528 

HOLLINGSHEAD, LILLIAN: Chromosome 
studies in Sedum, subspecies Gormania, 
section Eugormania 41 

Hordeum sativum 360-372 

HOWARD, JULIAN A., AND WM. T. PEN- 
FOUND: Vegetational studies in areas of 
sedimentation in the Bonnet Carré flood 
way 281 

HuLBARY, Ropert L., AND Epwin B. 
MATZKE: An analysis of the wood of the 
three commercial species of white pine 
573 

Hydrocotyle bowlesioides 151; torresiana 
151 

Hydrogen ion 561 

Hymenoclea salsola 103, 105, 107 

Hypericum matudai 394 

Hyptis emoryi 103, 107 


Ilex decidua 285 

Ilysanthes inaequalis 287 

Impatiens balsamina 335, 336, 338 

Index to American Botanical Literature 65, 
162, 249, 323, 400, 471, 544, 617, 692 

Interaction between thiamine and four 
fungi 669 


Intermittent growth of fruits of Cypri- 
pedium and Paphiopedilum. A correla- 
tion of the growth of orchid fruits with 
their internal development 353 

Intermittent growth of fruits of Phalae- 
nopsis. A correlation of the growth 
phases of an orchid fruit with internal 
development 167 

Ipomoea lacunosa 287 

Ips avulsus 184; integer 184 

Isolated colony of plants on a glacier-clad 
mountain 429 

Isolated roots, culture of 130 

Iva ciliata 287 


Janipha loeflingii 452, 453; var. yuquilla 
453; yuquilla 453 

Jasminum fruticosum 336, 339 

Juglans nigra 119 

Juncus diffusissimus 287 

Juniperus occidentalis 149 

Jussiaea decurrens 287; leptocarpa 287 


Kalanchoé globulifera 334, 338; rotundi- 
folia 338 

KARLING, JOHN S.: The response of Achras 
zapota in latex yield to wounding by the 
ibidem method of tapping 553 

KAVANAGH, FREDERICK: The _ interaction 
between thiamine and four fungi 669 

KERSTEN, H., AND G. F. SMITH: The rela- 


tion between xylem thickenings in pri- 


mary roots of Vicia faba seedlings and 
elongation, as shown by soft X-ray 
irradiation 221 

Krameria canescens 103, 105 

KrukKorr, B. A., AND H. N. MOLDENKE: 
Supplementary notes on American Meni- 
spermaceae 156 

Kumlienia cooleyae 377; hystricula 377 


Lactobacillus lactis 349 

Lagenocarpus clarkei 290, 297; comatus 
290, 297; dracaenula 294; humilis 290, 
297; polyphyllus 290, 297; schenckianus 
291, 297: strictus 297 

Lamium album 522 

Langloisia schottii 107, 111 

Larrea tridentata 103, 104, 105, 110 

La RveE, Cart D.: The rooting of flowers 
in sterile culture 332 

Latex 553 

Lathyrus palustris 469 

Lejeunea cavifolia 631 

Le jeuneaceae 627 
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Lepidium fremontii 105; lasiocarpum 108 
Leptotaenia anomala 244-246; bradshawii 
244-246; californica 244-246; var. dila- 
tata 246; var. platycarpa 246; dissecta 
244-246; dissecta foliosa 246; var. 
multifida 245, 246; eatoni 246; foliosa 


246; humilis 246; var. denticulata 246; 
leibergii 244, 245; macrocarpum 244; 
minor 244-246; multifida 246; var. 


eatoni 246; purpurea 245, 246; salmoni- 
flora 244-246; suksdorfii 244; var. 
thompsonii 244; triternatum 244; wat- 
sonti 244-246 

Leptilon canadense 287 

Leptochloa panicoides 287; uninerve 287 

Leucospora multifida 287 

Light intensity, effect of 204 


Ligusticella eastwoodae 247; macounii 247 
Ligusticum eastwoodae 247; macounii 247 
Lilium speciosum 333 

Literature, Index to American botanical 


65, 162, 249, 323, 400, 471, 544, 617, 692 

Loiseleuria procumbens 433 

anomalum 246; bradshawii 
246; californicum 246; caruifolium 154, 
245; var. 246: ciliolatum 
var. hooveri columbianum 246; 
cuspidatum 246; dissectum 246; var. 
multifidum 246; farinosum 153; grayi 
245; hamblenae 153; humile 246; lepto- 
carpum 245; 154, 245; 
minus 246; nevadense 155; peckianum 
155; 246; salmonifiorum 
246; sandbergii 155; tracyi 154 

Lonchocarpus xuul 391, 392; 
392 

LONGACRE, 

of 

A. uncinatum 


Lomatium 


denticulatum 


153; 


marginatum 
pu rpu reum 
constrictus 


chromo 
nove boracensis 


DorotHy J.: Somatie 


Aconitum 


somes and 


235 


o7 
ol, 


Lopholejeunea sagraeana 6 629, 630, 632 

Lophosiphonia villum 531, 535-537 

Lotus tomentellus 107, 108 

Ludwigia glandulosa 287 

LUNDELL, C. L.: Undeseribed plants from 
Mexico and Central America 387 

Lupinus nootkatensis 429, 430, 432 

Lutkea pectinata 429, 430, 432 

Lycium andersonii 104, 105 

Lycopodium clavatum 655; complanatum 
655; obscurum 655; selago 430, 432 

Lysimachia lanceolata 304 


Lythrum lanceolatum 287 


MA, ROBERTA, AND WILLIAM J, ROBBINS: 
Specificity of pyridoxine for Ceratosto- 
mella ulmi 342; Vitamin deficiencies of 
Ceratostomella 184 
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MA, ROBERTA, WILLIAM J. ROBBINS, AND 
Juan E. MACKINNON: Vitamin deficien- 
cies of Trichophyton discoides 509 

MACKINNON, JUAN E.: The effect of Acti- 
nomyces albus and of thiamine on the 
growth of Trichophyton discoides 21 

MACKINNON, JUAN E., WILLIAM J. Ros- 
BINS, AND RoBerTa MA: Vitamin defi- 
ciencies of Trichophyton discoides 509 

Maianthemum canadense 655, 657, 658 

Malacothrix californica 103, 107, 113 

Manihot carthagenensis 452, 453; walkerae 
452, 453, 457 

Marruta cotula 287 

MARTINEZ, MAximiIno: A new genus of 
Rubiaceae from Mexico 438 

Mass collections: Diervilla lonicera 317 

Matelea stenosepala 398 

MATHIAS, MILDRED E., AND LINCOLN CON- 


STANCE: New combinations and new 
names in the Umbelliferae 244; New 


North American Umbelliferae 151 
MATZKE, EpwIn B., AND Rosert L. HUvut- 
*~BARY: An analysis of the wood of the 
three commercial species of white pine 


573 


McVavuGu, Rocers: A new Campanula 
from Idaho 241 
Medicago falcata 416; lupulina~ 287; 


sativa 416 

Melanospora destruens 11 

Menispermaceae, Supplementary notes on 
American 156 

MERRY, JAMES: Studies on the embryo of 
Hordeum sativum—Il. The growth of 
the embryo in culture 360 

Mesospora mediterranea 531; schmidtii 
531; van-bossae 531 

Mexico, new plants from 387, 438 

Microspongium 528 ; 
dersti 528 

Microstylis brachypodi 468, 469 

MIDDLETON, JOHN T.: 
begonia 92 


gelatinosum saun- 


Stem rot of tuberous 


Mikania scandens 287 

Mimosa strigillosa 287 

Mimulus bigelovii 107; cylindrica 287 

Mirabilis bigelovii 103, 105 

MOLDENKE, H. N., AnD B. A. KRUKOFF: 
Supplementary notes on American Meni- 
spermaceae 156 

Mollugo verticillata 286, 287 

Monoptilon bellioides 107, 108 

Mucor fragilis 487, 604; genevensis 480, 


487, 488, 491-495, 499-503, 506, 594, 
595, 601, 610, 612; hiemalis 480, 487, 
491, 492, 499, 508, 612; ramannianus 
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671, 672, 681-684, 687, 689, 690; spines- 
cens 490, 491, 596; sylvaticus 487 
Mueorales, Nuclear behavior in 480, 592 
Muhlenbergia schreberi 287; sylvatica 462, 
463; umbrosa 463 
Myrica californica 267 


Nama demissum 107, 110; hispidum 542 

Nasturtium natans var. americanum 468, 
469 

Neca choriophylla 388; hirtella 388 

Nemesia strumosa 334, 335, 336 

Nemocladus longiflorus 107; ramosissimus 
107 

Nerium oleander 335, 336 

Neurospora, Heterocaryotie vigor in 75; 
crassa 89; tetrasperma 75-91 

New and critical Euphorbiaceae, chiefly 
from the southeastern United States 445 

New and unusual Cortinarii from Michi- 
gan, with a key to the North American 
species of subgenus Bulbopodium 44 

New Campanula from Idaho 241 

New combinations and new names in the 
Umbelliferae—II 244 

New Dussia and Ormosia avilensis 590 

New genus of Rubiaceae from Mexico 438 

New genus of the Anacardiaceae from Co 
lombia 442 

New North American Umbelliferae 151 

New tetraploid wheatgrass from Nevada 
434 

Nitrogen, effect of, upon ascorbic acid 
accumulation 204 

North American Ranuneuli—IV 298; V 
373 

Nuclear behavior in the Mucorales—I. The 
Mucor pattern 480; II. The Rhizopus, 
Phycomyces, and Sporodinia patterns 
592 


Oakesia sessilifolia 655 

Oaks indigenous to the United States, See- 
ondary vascular tissues of 1, 115 

Ochoterenaea 442; colombiana 442-444 

Ocotea matudai 388 

Oenothera biennis 287; leptocarpa 107; 
micrantha var. exfoliata 107 

Oncidium longipes 168 

OosTING, HENRY J., AND JOHN F. REED: 
The establishment of a white birch com- 
munity on cutover pulpwood land in 
northwestern Maine 647 

Opuntia echinocarpa 104-106 

Orchid fruits 167, 353 


Orchis mascula 167; pyramidalis 167 

Ormosia avilensis 590; tovarensis 590 

Orumbella macounii 247 

Oryzopsis canadensis 465 

Osmaronia cerasiformis 267 

Osmunda claytoniana 655 

Ossea instolonea 587; interior 588 

Ovules, disintegration of 405 

Oxydendrum arboreum 134-136 

Oxygraphis andersonii 379; cymbalaria 
375; glacialis 378; vulgaris 379 

Oxypolis filiformis 152; greenmanii 152 


Panicum angustifolium 464, 465, 539, 540; 
bennettense, a new species from North 
Carolina 539; capillare 285-288; clan- 
destinum 464; dichotomiflorum 285- 
289; lancearium 464; var. angustifolium 
464; nitidum var. crassifolium 464; var. 
villosum 464; sphaerocarpon 464; 
ranthophysum 464, 465, 469 

Paphiopedilum bellatulum 354-356; barba- 
tum 353; callosum var. sanderae 354; 
superbiens 353; fairieanum 354-357; 
lawrenceanum var. hyeanum 354; 
maudiae 354-357; villosum 354, 356 

Parasitella simplex 480, 492, 612 

Parthenium argentatum 132 

Paspalum conjugatum 287; dilatatum 287; 
repens 287; urvillei 287 

Passiflora biflora 338 

Pelagophycus porra 533 

PENFOUND, WM. T., AND JULIAN A. 
HowarpD: Vegetational studies in areas 
of sedimentation in the Bonnet Carré 
floodway 281] 

Penicillium glaucum 669 

Persicaria hydropiper 287 ; hydropiperoides 
287; punctata 287 

Petalostigma glabrescens 458-460 

Peucedanum californicum 246; watsoni 246 

Phacelia distans 103, 105-107, 109, 111, 
113; tanacetifolia 104, 109, 111, 113 

Phalaenopsis amabilis 169; aphrodite 169, 
176; elizabethiae 169; equestris 168; 
fontainebleau 169, 171-173, 175; grandi- 
flora 168; pamala 169, 171-176; rim- 
stadtiana 169; schilleriana 168-175, 178, 
358; sanderiana 168; spectabilis 168; 
stuartiana 169; wiganiae 169 

Phaseolus multifiorus 360 

Philadelphus gordonianus 267 

Phoma betae 257-259 

Photoperiod 204 

Phycological notes 528 


PI 


Pi 
Pi 
Pi 
P 


ee ee 


1942] 


INDEX TO 
Phycomyces blakesleeanus 12-26, 257-259, 


421-427, 500, 502, 570, 571, 592, 599, 
604, 612, 614, 669-690; microsporus 592, 
604, 612; nitens 599, 600, 669 

Phyla lanceolata 287; nudiflora 287 

Phyllanthus carolinensis 287 

Phyllodoce glanduliflora 430, 432 

Phytophthora 510, 
687, 688, 690 

Picea engelmanni 265; glauca 185; rubens 
647, 650, 651, 653; rubra 119; sitchensis 
265, 268-270, 273-275 

PIERCE, JOHN H.: A new Dussia and Or- 
mosia avilensis 590 

Pilanophytum lindheimeri 447 

Pilobolus erystallinus 599 

Pithecolobium pulchellum 590 

Plant nutrition and the hydrogen ion—III. 
Soil calcium and the oxalate content of 
spinach 561 

Pinus albicaulis 266; 
275; echinata 184, 193; lambertiana 
573-581; monticola 185, 266, 273-275, 
573-581; ponderosa 184, 185, 266, 273- 
275; sabiniana 138; strobus 573-581 

Plantago insularis var. scariosa 11 

Platanus occidentalis 285, 287, 425 

Pluchea petiolata 287 

Podadenia thwaitesii 454 

Podistera eastwoodae 247; macounii 247; 
nevadensis 247 

Poinciana gilesti 132 

Polemonium humile 430, 432 

Pollen study of lake sediments in the lower 
Willamette valley of western Oregon 262 

Polyporus abietinus 11; adustus 11 

Polypremum procumbens 287 


cinnamomi 671-679, 


contorta 266, 273- 


Polysiphonia hemisphaerica 536; urceolata 
536; villum 533; 
533, 534 

Pontederia cordata 287 

Populus balsamifera 287; 
651, 653; tremuloides 
trichocarpa 266 

Portulaca oleracea 287 

Potentilla elata 145 

Prionociadium pringlei 
var. pringlei 247 

Prunus emarginata 267 ; pennsylvanica 650- 
652, 656; serotina 651 

aletifolius 248; ani- 
satus 248; var. longilobus 248; david- 
soni 248; filicinus 248; hendersoni 248 

Pseudopteryxia aletifolia 248; anisata 248; 
hendersoni 248; longiloba 248 


535; virgata woodii 


grandidentata 


650-653, 656; 


247; 


thapsoides 


Pseudocymopterus 
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Pseudotsuga taxifolia 266, 268-270, 273- 
275 

Pteris aquilina 655, 657 

Pterochondria 532; pygmaea 532, 533; 


woodii 533 
Pterosiphonia dendroidea 533; pygmaea 
533; woodii 533; f. pygmaea 533 
Pteryxia anisata 248; davidsoni 248; hen- 
dersoni 248 
Purshia tridentata 434 
Pyridoxine 184, 342; Specificity 
Ceratostomella ulmi 342 
Pyrimidine 669-691 
Pyrola americana 655 
Pythium debaryanum 
gonti 92; 


of for 


99 


Tay 


93; var. pelar- 
intermedium 92, 94-98; splen- 
dens 92, 93; ultimum 92-99 

Quercus agrifolia 4, 6, 120; alba 2, 4, 7, 
120-125, 422, 425, 426; arizonica 2, 4, 
6, 7, 120-124; bicolor 2, 4, 6, 7, 10, 120, 
122, 123; borealis maxima 6, 120; 
brewert 4, 120; catesbaei 120; chry- 
solepis 4, 6, 120, 122; cinerea 4, 6, 7, 10, 
120; coccinea 6, 7, 120; dilata 7; doug- 
lasii 4, 6, 120; dumosa 4, 6, 120, 123; 
durandii 4, 120; durata 6; ellipsoidalis 
4, 6, 7, 10, 120; emoryi 2, 4-7, 120, 124, 
125; engelmanii 4, 6, 7, 120; falcata 
120; falcata leucophylla 120; falcata 
triloba 120; gambellii 4; garryana 4, 
120, 266, 268-270, hypoleuca 
4, 6, 120; ilicifolia 6, 120; imbricaria 6, 
120, 124-127; kelloggii 4, 6, 7, 10, 120; 
laurifolia 6, 120; lobata 4, 120; lyrata 
4, 120, 122; macrocarpa 4, 120; mari- 
landica 4, 6, 7, 10, 120; montana 2, 4, 
7, 10, 123; morehus 6, 120; muhlenbergii 
2, 4, 120; myrtifolia 4, 5, 6, 120; nigra 
6, 120, 425; oblongifolia 4, 6, 120; 
palustris 6, 120, 124-125; phellos 6, 120, 
122; prinus 2, 4, 5, 120, 124, 125; reticu- 
lata 4, 6, 120; rubra 6; rubra leuco- 
phylla 6; rubra triloba 6; sadleriana 2, 
4,115, 120; shumardii 6, 120; stellata 2, 
4, 5, 7, 123, 126, 127; utahensis 4, 120; 
vaccinifolia 6, 120; velutina 5-7, 120, 
124, 125; virginiana 6, 120, 126, 127, 
284, 285; virginiana geminata 6, 120, 
123-125; wislizenii 4, 6, 120 


972_975 


273-275; 


Radicula aquatica 335, 339; armoracia 335 

Rafinesquia neomexicana 103-107, 109, 111, 
113 

Raimmania laciniata 287 
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Ralfsia pangoensis 532 
Ranunculi, North American 298, 373 
Ranunculus alismaefolius 298-303; var. 


alismellus 301, 302; var. calthaeflorus 
302; var. hartwegii 302, 310; var. lem- 
moni 298-302; var. montanus 301-303; 
alismellus 301; var. populago 303; alveo- 
latus 299, 310, 373; ambigens 298, 308, 
309; var, obtusiusculus 309; amphibius 
381-385; andersonii 379; var. tenellus 
379; aquatilis 380-384; var. bakeri 381; 
var. brachypus 381; var. calvescens 381, 
384; var. capillaceus 381, 385; var. con- 
fervoides 383; var. drouetii 383; var. 
eradicatus 381, 383; var. flaccidus 383; 
var. heterophyllus 384; var. hispidulus 
381, 384; var. lobbii 381; var. longi- 
rostris 385; var. peduncularis 381; var. 
trichophyllus 381; arizonicus 300; arno- 
glossus 301; biolettii 309; bolanderi 300, 
303; caespitosus 383; calthaeflorus 302, 
303; ecapillaceus 381, 382; cardiophyllus 
400; chamissonis 379; circinatus 380, 
383, 385; collomae 298-300; confervo- 
ides 383, 384; cooleyae 377; cusickii 
308; cymbalaria 375; var. alpinus 376; 
var. americanus 375; var. hebecaulis 
375; var. major 375; var. sarimontanus 
375; delphinifolius 316; var. terrestris 
315; f. submersus 316; divaricatus 383, 
385; var. eradicatus 383; drouetii 383; 
eastwoodianus 374; eremogenes 312, 
313; var. longissimus 313; var. pilosulus 
312, 313; var. pubescens 312; ficaria 
386; filiformis 306; var. ovalis 305; 
fistulosus 313; flabellaris 311, 315, 316; 
f. riparius 316; f. submersus 316; f. 
terrestris 316; flaccidus 383; var. con- 
fervoides 383; flammula 298, 304; flam- 
mula alismaefolius 300, 301; flammula 
var, filiformis 305, 306; var. intermedia 
306; var. laricaulis 308; var, major 
304; var. ovalis 305; var. reptans 306; 
var. samolifolius 306; var. strigulosus 
305; var. unalaschensis 305; var. varians 
305; fluviatilis 315, 316; glaberrimus 
300; var. ellipticus 300; glacialis 378, 
379; gmelinii 311; var. limosus 313; var. 
prolificus 314; var. purshit 313; var. 
schizanthus 315; var. terrestris 313; 
var. yukonensis 314; gormanii 299, 307, 
308; grayanus 384; hartwegti 301, 303; 
hederaceus 380; var. lobbii 381; humilis 
309, 310; hydrocharis f. lobbii 380; f. 
longirostris 385; f. trichophyllus 381; 
hydrocharoides 299, 307; var. stolo- 


niferus 307; hyperboreus 311; f. fluitans 
311; var. natans 311; hystriculus 377; 
intermedius 306; intertextus 311; juni- 

3 «6379; kamchaticus 378; 
lacustris 315; var. terrestris 316; lap- 
ponicus 385; laxicaulis 299, 308, 309; 
var. mississippiensis 309; lemmonii 302; 
limosus 313; lobbii 380; longirostris 380, 
385; microlonchus 305; mississippiensis 


perinus 378 


309; missouriensis 316; Mnanus 375; 
natans 311, 312; neglectus 376; nuttallii 
376; oblongifolius 308-310; obtusiuscu- 
lus 304; orestris 298, 303; orthorhynchus 
145; ovalis 305; pallasii 385; pantho- 
thrix 383; paucistamineus var. eradi- 
catus 383; populago 298, 299, 308; 
porteri 381, 382; purshii 313, 314; var. 
dissectus 313, 314; var. geranioides 313, 
314; var. humifusus 314; var. poly- 
morphus 315; var. prolificus 315; var. 
radicans 313, 314; var. repens 314; var. 
schizanthus 315; var. terrestris 313- 
315; subsp. yukonensis 314; pusillus 
299, 309, 310; var. angustifolius 310; 
var. denticulatus 308; var. lindheimeri 
309, 310; var. muticus 309, 310; var. 
oblongifolius 309; ranunculinus 376; re- 
curvatus 374; reptans 306, 307; var. 
filiformis 306; var. gormanii 307; var. 
intermedius 306; var. ovalis 305; var. 
samolifolius 306; var. strigulosus 305; 
rigidus 385; samolifolius 306; sceleratus 
311-313, 373; var. eremogenes 312; var. 
longissimus 313; var. multifidus 312, 
313; stagnatilis 385; stoloniferus 307; 
subrigidus 381, 383, 385; tener 310; 
terrestris 307, 308; testiculatus 378: 
terensis 308, 309; trachyspermus 309, 
310; var. angustifolius 310; var. lind- 
heimeri 309; trichophyllus 380-382; var. 
calvescens 384; var. eradicatus 383; var. 
hispidulus 384; tridentatus var. major 
375, 376; unalaschensis 305; unguicu- 
latus 302; usneoides 385; yukonensis 314 
REED, JOHN F., AND HENRY J. OOSTING: 
The establishment of a white birch com 
munity on cutover pulpwood land in 
northwestern Maine 647 
Reip, Mary ELizABeTH: Effect of varia- 
tions in light intensity, length of photo- 
period and availability of nitrogen upon 
accumulation of ascorbie acid in cowpea 
plants 204; Variations in ascorbie acid 
and dry matter content of cowpea plants 
at different times of day 522 
Reinwardtia indica 335, 338 
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Relation between xylem thickenings in pri- 
mary roots of Vicia faba seedlings and 
elongation, as shown by soft X-ray 
irradiation 221 

Response of Achras zapota in latex yield 
to wounding by the ibidem method of 
tapping 553 

Rhizopus 
sexualis 593 

Rhodotorula sannei 12 

Rhus copallina 284 

Rhynchospora baldwinii 467, 568; cepha- 
lantha 467, 469; corniculata 287,- 467, 
469; cymosa 468; dodecandra 467; 
elliottii 467, 469; fusca 466, 469; glo- 
merata 469; gracilenta 466, 467; macro- 
stachya 467; megalocarpa 467; 
carpa 467; miliacea 467-469; multiflora 
467, 469; oligantha 467; paniculata 
467; patula 467; pycnocarpa 467; semi- 
plumosa 467, 468; torreyana 466-468; 
variflora 468 

Ribes prostratum 654; sanguineum 267 

RicKeTT, H. W., anp C. L. GILLy: Asa 


nigricans 500, 592, 597, 612; 


micro- 


Gray’s earliest botanical publications 
(1833-1836) 461 
ROBERTSON, JOSEPH H., AND LLOYD 


WEAVER: A new tetraploid wheatgrass 
from Nevada 434 

ROBBINS, WILLIAM J., AND ROBERTA MA: 
Specificity of pyridoxine for Ceratosto- 
mella ulmi 342; Vitamin deficiencies of 
Ceratostomella 184 

ROBBINS, WILLIAM J., JUAN E. Mac- 
KINNON, AND ROBERTA MA: Vitamin de- 
ficiencies of Trichophyton discoides 309 

Rooting of flowers in sterile culture 332 

Roots, culture of isolated 130 

Rotala ramosior 387; var. dentifera 395 

Rubiaceae, A new genus of, from Mexico 
438 

Rubus 
aculeatissimus 654 

Ruellia rosea 333 

Rufacer drummondii 285, 287 


allegheniensis 654; idaeus var. 


Sagina, Symmetry studies in 634; apetala 
639; ciliata 639; crassicaulis 639; de- 
cumbens 639; var. smithii 639; elliottii 
639; glabra 639; linnaei 639; maritima 
639; nivalis 639; nodosa 639, 644; f. 
laxa 639; occidentalis 637, 639; pro- 
cumbens 634-645; subulata 639 

Salix capra 205; lasiandra 266; longifolia 

287; nigra 287 


INDEX TO VOLU ME 
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Salvia columbariae 107, 111 

Sambucus canadensis 284, 287; nigra 522; 
racemosa 654 

SANSOME, Eva R., 8. SATINA, AND A, F. 
BLAKESLEE: Disintegration of ovules in 
tetraploid-diploid and in incompatible 
species crosses in Datura 405 

SaTIna, S., Eva R. SANSOME, AND A, F. 
BLAKESLEE: Disintegration of ovules 
in tetraploid-diploid and in incompatible 
species crosses in Datura 405 

Saxifraga bronchialis 430; punctata 430; 
sarmentosa 335; tricuspidata 430 

Sclerotinia sclerotiorum 257-259 

Sclerotium rolfsii 671, 672, 684-686, 690 

SCHROEDER, R, A., AND WM. A, ALBRECHT: 
Plant nutrition and the hydrogen ion— 
III. Soil calcium and the oxalate con- 
tent of spinach 561 


Sciadotenia amazonica 157; brachypoda 
158; cayennensis 157; sagotiana 157; 
sprucei 158 

Secondary vascular tissues of the oaks 


indigenous to the United States—II. 
Types of tyloses and their distribution 
in Erythrobalanus and Leucobalanus 1; 
III. A comparative anatomical study of 
the wood of Leucobalanus and Erythro- 
balanus 115 
dum adolphii 27; alsinefolium 27; burn- 
hamii 31; debile 27, 42; divergens 27, 
28, 42; eastwoodiae 39; fusiforme 27; 
glanduliferum 27, 33-35, 40-42; hallii 
31; heckneri 39; larum 29, 36, 38, 41; 
subsp. heckneri 36, 37, 39, 40; subsp. 
latifolium 36, 38, 40, 41; subsp. per- 
plexum 36, 37, 39-41; subsp. retusum 
36, 39-41; subsp. typicum 36-42; 
moranii 40; obtusatum 29-32, 43; subsp. 
boreale 30-33, 40, 41; subsp. typicum 
30-32, 41, 42; var. hallii 31; oreganum 
29, 32, 35-37, 41, 42; 
rubroglaucum 31; sanhedrinum 39; 
spathulifolium 27, 30, 41, 42; spectabile 
335; ternatum 136; watsoni 35 
Securinega acicularis 456; capensis 457; 
leucopyrus 456; virgata 456; virosa 458 
Sesban emerus 287 
Setaria lutescens 387 
Shrubs, dependence of annual plants on 
100 
Sida carpinifolia 287; rhombifolia 
spinosa 287 
Silene acaulis 430, 432 
Simmondsia californica 132 


Th 


28; oregonense 


287; 
















































SMITH, ALEXANDER H.: New and unusual 
Cortinarii from Michigan, with a key to 
the North American species of subgenus 
Bulbopodium 44 

SMITH, G. F., AND H. KERSTEN: The rela- 
tion between xylem thickenings in pri- 
mary roots of Vicia faba seedlings and 
elongation, as shown by soft X-ray 
irradiation 221 

Snow, A. G., JR., AND P. R. BURKHOLDER: 
Thiamine in some common American 
trees 421 

Solanum nigrum 287 

Solidago multiradiata 432; var. scopu- 
lorum 431 

Somatic chromosomes of Aconitum nove- 
boracense and A, uncinatum 235 

Sorbus americana 651 

Species crosses in Datura 405 

Specificity of pyridoxine for Ceratosto- 
mella ulmi 342 

Spilanthes americana 287 

Spinach, soil calcium and the oxalate con- 
tent of 561-569 

Sporelings of Lejeuneaceae 627 

Sporobolus asper 463; cryptandrus 257; 
vaginiflorus 463 

Sporodinia grandis 498, 592, 604, 608, 612, 
613 

Stachys recta subsp. recta 139 

Stellaria media 635; media neglecta var. 
typica 635 

Stem rot of tuberous begonia 92 

Stephanomeria exigua 111 

Sterculia diversifolia 132, 133 

Stereum gausapatum 258-260, 569-571 

Stictolejeunea kunziana 629, 630; squa- 
mata 629 

Stipa canadensis 465; speciosa 105; thur- 
beriana 434 

Streptobacterium plantarum 349 

Strophostyles helvola 287 

Studies in antibiosis between bacteria and 
fungi—III. Inhibitory action of some 
Actinomycetes on various species of 
fungi in culture 257 

Studies in the Crassulaceae—III, Sedum, 


subgenus Gormania, section Eugor- 


mania 27 

Studies in the Ericales: A new name in 
blueberries 240 

Studies on the embryo of Hordeum 
sativum—II. The growth of the embryo 


in culture 360 
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Stylogyne guatemalensis 398; perpunctata 
398 

Suaeda fruticosa 110 

Suida 587 

Supplementary notes on American Meni- 
spermaceae—II 156 

Svida asperifolia 284, 287; baileyi 588; 
californica 589; instolonea 587; interior 
588; pubescens 589; stolonifera 587; 
var. flaviramea 587; var. riparia 587; 
torreyi 589 

Swainsonia galegifolia 335 

Symmetry studies in Sagina 634 

Symphoricarpos albus 267 

Symplecocarpon flavifolium 393; lucidum 
394; multiflorum 393, 394 


Taenioma clevelandii 534, 537; perpusil- 
lum 534, 537 

Talinum polyandrum 455 

Taraxacum officinale 335, 336 

Taxus baccata 204 

Telitoricum duckei 158; inopinatum 158; 
krukovii 158; minutiflorum 158 

Tetracoccaster 457, 458 

Tetracoccus capensis 456, 457; fascicu- 
latus 455, 456; divicus 456; hallii 457; 
ilicifolius 456-460 

Tetradymia spinosa 105 

Thiamine 11, 21, 184, 421, 509, 569, 669 

Thiamine content of agar 11 

Thiamine in some common American trees 
421 

Thiamine production by 
viridochromogenus 569 

Thiazole 669-691 

Three new cuscutas from western North 
America 541 

Thuja occidentalis 647; orientalis 132; 


Actinomyces 


plicata 265, 273-275 
Thyella tamnifolia 287 
Tieghemella coerulea 502, 592 
Tillaea erecta 107, 108 
Tournefortia belizensis 399; wumbellata 

399 
Trachelospermum difforme 287 
Tradescantia paludosa 335-338 
Trichilia moschata 393; yucatanensis 392, 

393 
Tricholoma acerbum 52 
Trichophyton album 518, 519; crateriforme 

519; discoides 21, 22, 23, 25, 26, 509- 

521; gypseum 519; interdigitale 519; 
rosaceum 519 


598, 612 
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Trientalis americana 655, 657, 658 

Toxicodendron globosum 456 

Triticum repens var. glaucum 465 

heterophylla 266-270, 273-275; 
mertensiana 266, 273-275 

Tulipa gesneriana 338 

Tussilago farfara 333 

Typha latifolia 287 

Ulmus americana 285, 287, 349 
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657 
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times of day 522 
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Verbena bonariensis 287 

Verbesina alba 287 

Viburnum alnifolium 654; carlesii 335 

Vicia faba 221-233 

Vilfa heterolepis 468; longifolia 463; sero- 
tina 463; vaginiflora 463 

Vinea rosea 335 

Viola rotundifolia 655 

Vitamin deficiencies of Ceratostomella 

184; of Trichophyton discoides 509 
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